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ANNOUNCEMENTS 


Attention is directed to the fact that the Committee on Research Grants 
of the Illinois State Academy of Science has at its disposal a small sum of 
money to be disbursed in support of worthy research projects. Applications 
for grants will be accepted up to and including March 31, 1942. It is custom- 
ary to give preference to szientists connected with the smaller institutions 
of the state. 


Requests for grants should be accompanied by a brief statement of the 
training and experience of the applicant, the purpose of the investigation, 
and the estimated cost. Previous publications should be listed. At least two 
letters of recommendation should be transmitted directly by their authors. 
Correspondence may be addressed to William C. Rose, Chairman, Department 
of Chemistry, University of Illinois, Urbana, Illinois. 
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Urbana, Illinois 
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Psychology and Education: J. M. Hughes, Northwestern University, Evans- 
ton, Ill. 
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Zoology: Orlando Park, Northwestern University, Evanston, Il. 
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PAPERS IN AGRICULTURE 
Extract From THE Report OF THE SECTION CHAIRMAN 


Eight papers were presented at the Evanston meeting, six of which are 
herewith published. The others were: 


Buruison, W. L. and Fuetteman, R. F. Unversity of Illinois, Urbana,— 
Pasture Studies of Brome Grass, Bromons inermis Leyss. 

(Being published in enlarged form in the Journal of American Society 
of Agronomy, Vol. 33, No. 10, October, 1941.) 


Dovetass, T. J., Illinois State Normal University, Normal,—Mulching 
of Strawberries. 


Nine people attended the meeting and re-elected Mr. Oathout chairman 
for 1941-42. 


(Signed) C. H. Oathout, Chairman 
Macomb, Illinois 
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RELATION BETWEEN MOISTURE CONTENT OF THE SOIL 
AND THE OPTIMUM DEPTH OF PLANTING CORN 


GeorcE H. DUNGAN 
University of Illinois, Urbana, Illinois 
and 
Wisvur C. Brokaw 
Bradford High School, Bradford, Illinois 


In 1934 the corn seedlings in one par- 
ticular series of hand-planted plots of the 
Illinois Corn Performance Tests' were 
marledly more vigorous and uniform 
than those in the other series. 

The question naturally arose as to the 
cause of this difference. Since all the 
series were planted with the same kind 
of corn, the difference could not have 
been due to a difference in quality of seed 
The cause of the variation had to be due 
to some difference in the manner of plant- 
ing. Since the soil to a depth of three 
inches was unusually dry there was the 
possibility that depth of planting was the 
factor. 

Growth of Corn Seedlings in Dry Soil. 
—In order to determine the influence that 
moisture content of the soil has on the 
growth of corn seedlings, six samples of 
soil were prepared from a field being 
summer fallowed on the Agronomy South 
Farm at Urbana. Some soil was dried 
on a bench in the greenhouse. It was 
mixed with moist soil in such proportions 
as to make samples of two different mois- 
ture contents. One contained 3,3 and the 
other 4.6 percent moisture. Four other 
samples were taken from different levels 
in the field so as to get soil carrying 
diverse amounts of moisture. The mois- 
ture content of the various samples thus 
collected was as follows: 65.2, 5.5, 6.8, 
and 8.1 percent. 

One hundred kernels of corn were 
planted in each lot of soil in the green- 
house. At the end of seven days the 
seedlings were dug up and shoot and root 
measurements were made. The results 
are shown graphically in Figure 1. 

No growth occurred in the soil contain- 
ing 3.3 percent of moisture. Growth was 
apparently normal in the soil containing 
8.1 percent of moisture. Seedling growth 
in the other lots of soil was roughly in 


proportion to the amount of moisture 
present. The development of roots in 
soils lacking in moisture was strikingly 
greater than the development of plumules 
in the same soils. This shows that the 
minimum amount of moisture for plu- 
mule growth is at a higher level than it 
is for root growth. It also indicates that 
relative dryness of soil is a factor in the 
germination and seedling development of 
corn. 

Depth of Planting Corn in Dry and 
Moist Soils—In order to determine what 
influence depth of planting has on the 
growth of corn plants and the yield of 
grain a field experiment was conducted 
in 1939 and_in 1940. Seed of good quality 
was planted by hand at depths ranging 
by one-inch intervals from one to six 
inches. To attain the desired depth of 
planting the soil in each hill was opened 
with a spade to approximately the depth 
wanted. Three kernels of corn were 
dropped into the opening, and with the 
end of a ruler resting on top of the ker- 
nels, the soil was filled in to exactly the 
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MOISTURE CONTENT OF SOIL IN PERCENT 


Fig 1.—Average length of plumules and 
radicles produced by corn seedlings during 
seven days’ growth in soil containing dif- 
ferent percentages of moisture. 


*Dungan, G. H., Holbert, J. R., Mumm, W. J., Bigger, J. H., and Lang, A. L. Illinois corn perform- 
ance tests—results for 1934. Ill. Agr. Exp. Sta. Bull. 411:58, 59. 1939. 
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TABLE 1.—INFLUENCE OF DEPTH OF PLANTING CoRN IN A Dry Sor AND IN a Moist Som 
ON PERCENTAGE Fie_p STAND, HEIGHT OF PLANTS, AND YIELD OF GRAIN PER 


Acre. URBANA, ILLINOIS. 























Average height 
Depth of planting Proportion of a | of plants 36 days} Yield of shelled 
perfect stand after planting corn per acre 
inches percent inches bushels 

Dry Soil—1939 

) ARTE een hae cp een Ot er 83 23.8 78.0 

Be ah aa ec aie cath dan Cas Ase 98 29.3 110.5 

| BS Ree SS ee eae tn Ree ee 95 32.1 113.2 

ie A tie See EE es a ee Pe 92 29.6 111.3 

AEN PG Speen Seton er 0 are 88 28.8 100.6 

eae yee Ae ee Pee or 70 24.4 78.4 
Moist Soil—1940 

Ee ee ee err fy eee 95 28.0 105.3 

Wee Se ie koa et eee dee e es 83 27.5 94.7 

eos Sse be es eet ee 88 26.2 103.0 

a ce, 5 tad UP cassie 64 25.5 72.8 

GRRE ae ine RO! 8: Oe ee 67 24.1 81.1 

REPRE SETS EI OF poten 67 23.0 73.2 
one-inch level, two-inch level, etc. Each in the moist soil, whereas the one-inch 


hill was considered as a separate plot or 
unit. Twenty-two separate hills were 
planted at each depth. 

The amount of rainfall prior to and 
immediately following planting was very 
different in the two years. Soil condi- 
tions at planting time in 1939 were dry, 
but in 1940 they were moist and favor- 
able. In 1939, a total of .92 inch of rain 
fell during the three weeks just ahead 
of corn planting and only .03 inch fell 
during the ten days after planting. This 
difference in the moisture conditions at 
planting time and following planting is 
reflected in the germination, plant height, 
and yield records which are shown in 
Table 1. 

In the dry soil the highest percentage 
field stand was obtained from the two- 
inch planting depth. In the moist soil 
the best stand was from the one-inch 
depth. In the dry soil the greatest aver- 
age plant height 36 days after planting 
came from the three-inch planting. One- 
inch planting produced the tallest plants 


planting in the dry soil produced the 
shortest plants. 

The yields also show wide differences 
attributable to depth of planting in dry 
and moist soil. The lowest yield in 1939 
was from one-inch planting whereas in 
1940 the highest yield was from the one- 
inch depth. Good yields in dry soil were 
obtained from the two-, three-, and four- 
inch planting depths. In the moist soil 
the yields dropped off sharply for plant- 
ings deeper than three inches. 

Apparently the optimum depth of plant- 
ing corn depends upon soil conditions. 
If the soil is amply supplied with mois- 
ture, corn can be planted as shallow as 
one inch with the expectation of maxi- 
mum yields. If, on the other hand, the 
surface soil is dry, corn should be planted 
deeper than one inch to get maximum 
yields. The exhaustion of the seedling 
as a consequence of deep planting is 
seemingly less harmful than the stunting 
influence of insufficient moisture near the 
surface. 








48 Illinois State Academy of Science Transactions 


PRELIMINARY REPORT ON CORN AND PASTURE 
FERTILIZATION IN SOUTHERN ILLINOIS 


Rosert C. CASSELL 


Southern Illinois Normal University, Carbondale, Illinois 


Corn FERTILIZATION 


In 1940 an opportunity was afforded at 
the College Farm to study the effects of 
complete commercial fertilization of corn 
by the hill drop method. In the follow- 
ing described corn experiments as well 
as the pasture experiment it should be 
borne in mind that the data takes into 
account only the one year’s results. Prac- 
tical implications must necessarily await 
confirmation in subsequent experiments. 

The first experiment was on a three 
acre plot of ground where a three year 
Stand of alfalfa had just been plowed. 
The field was on rolling upland of Ava 
Silt Loam which, before the experiment 
was started, tested slightly acid, between 
6.5 and 7.0 pH. The test for phosphorus 
showed only a moderate amount present, 
but enough to grow alfalfa. The soil, 
however, proved to be low in potassium. 

The field was planted two kernels to 
the hill with Funk’s G-Hybrid 135. The 
fertilizers were applied at a rate of 200 
pounds per acre. The yields from the 
fertilized plots were calculated from two 
replications of four 96 hill rows. The 
unfertilized yield was obtained from 42 
rows rather than eight as unfertilized 
checks were left at regular intervals 
across the field. The only adjustments 
made in yield were for moisture percent- 
age of the corn at harvest time and for 
missing hills. 

From the data presented in Table 1, 
it would be difficult to select any one 
fertilizer mixture for recommendation. 
Practically any fertilizer except the 
straight superphosphate (0-20-00) pro- 
duced a sufficient increase in yield to 
justify its use and any fertilizer listed 
in the table above the 4-16-4 would be well 
justified under the conditons of this ex- 
periment. It would seem that any mix- 
ture with a little nitrogen, a medium 
quantity of phosphate and a high per- 


TABLE 1.—FrRtiLizers Hitt DRopPeD AT A 
RATE OF 200 Pounps Per Acre, 1940. 











Approxi- 
mate 
Moisture | cost of 
Fertilizer} Acre in grain | fertilizer 
yield at harvest per 
bushels percent acre 
2-12-6.. 81.62 17.4 $3.14 
0-8-24. . 79.18 18.5 3.96 
0-10-20. 75.14 21.0 3.70 
3-12-12. 74.53 20.6 3.85 
3-18-9.. 74.33 14.8 4,22 
0-12-12. 72.05 18.0 3.26 
0-20-20. 70.08 18.7 5.06 
4-16-4.. 68 .64 14.1 3.84 
0-20-10. 68 . 36 16.9 4.00 
Unfertil- 
ized... 62.24 18.4 0 
0-20-0.. 61.58 20.1 2.66 














centage of potash would be adequate. 
The two high yield producing fertilizers 
(2-12-6 and 0-8-24) gave yield increases 
over the unfertilized corn of 19.38 and 
16.94 bushels per acre respectively. It 
may also be worthy to note that the plots 
with the four fertilizers containing nitro- 
gen in the mixture averaged 8.29% miss- 
ing hills, the unfertilized corn 10.21% 
and the six fertilizers with no nitrogen 
12.48%. 

In another 10 acre fertilizer experi- 
ment, 13 Funk hybrids and two replica- 
tions of open pollinated corn were fer- 
tilized at a rate of 65 pounds per acre 
in comparison with check plots of each 
not fertilized. Six other Funk hybrids 
and two replications of the same open 
pollinated corn were fertilized at a rate 
of 120 pounds per acre in comparison 
with check plots of each not fertilized. 
The corn was all check planted, two 
kernels to the hill, and hill fertilized 


The author wishes to acknowledge the assistance of Mr. Irvin Peithman, Superintendent of the College 
Farm, and Mr. Leo Sharp, student employee, in carrying on the routine work of the fertilizer trials. Funk 
Bros. Seed Oo., and the Armour Fertilizer Works furnished the hybrid seed corn and fertilizer respectively. 
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TABLE 2.—3-12-12 ComMERCIAL FeErRTILizeER Hitt Droprep at Rates or 65 anp 120 

Pounps Per Acre, 1940. 

Average | Average 

acre increase 

Corn Treatment yield per acre 

bushels bushels 
op ES Peer ere RII Se oetoad se weiwv's «cs er 
Same 13 hybrids................ Fertilized (65 Ibs. per A)........ 65.96 6.71 
Open Pollinated........... NPM cis deo oS Gb we oe | ERAS 
Same Open Pollinated........... Fertilized (65 Ibs. per A)........ 44.31 0.82 
DI 9 i503 ace civic Wes a Oi” SS ee gk | eee. ne 
Same 6 hybrids. ....os.. 2 ..cceees Fertilized (120 lbs. per A)....... 69.71 12.51 
Open Pollinated........... L.A eee Ck Eee 
Same Open Pollinated........... Fertilized (120 lbs. per A)....... 51.95 9.28 





with a 3-12-12 commercial fertilizer. Ad- 
justments in yield were made for mois- 
ture percentage and missing hills. 
Where the 3-12-12 fertilizer was applied 
at a rate of 65 pounds per acre an aver- 
age increase of 6.71 bushels per acre was 
obtained over the yield of the same hy- 
brids not fertilized. When the rate of 
application was almost doubled (120 lbs. 
per acre), the average increase in yield 
was almost doubled (12.51 bushels per 
acre). In the case of the open pollinated 
corn 65 pounds of fertilizer per acre in- 
creased the yield only 0.82 bushels per 
acre, but an application of 120 pounds 
per acre increased the yield 9.28 bushels 
per acre. The greatest single hybrid in- 
crease due to fertilization at the rate of 
65 pounds per acre was 17.94 bushels 
per acre and in only one case among the 
13 hybrids did the unfertilized plot out- 
yield the fertilized plot and that was by 
7.32 bushels per acre. The greatest single 
hybrid increase due to fertilization at 
the rate of 120 pounds per acre was 
17.25 bushels per acre and the least single 
increase was 6.19 bushels per acre. 


PASTURE FERTILIZATION 


At the college farm there is an old blue 
grass pasture. The pasture has been 
over grazed and the stand of blue grass 
is poor. The only improvement the pas- 
ture has received is an application of 
limestone made a few years ago. The 
soil at present tests sweet, but there is 
a deficiency of both phosphorus and po- 
tassium. In 1940, one-fourth acre plots 
were laid out and given treatments as 
shown in Table 3. The nitrogen fertilizer 
was made up of approximately equal por- 
tions of 16% nitrate of soda and 20% 
sulfate of ammonia. ‘The fertilizers were 
applied by means of the fertilizer attach- 
ment of a disc grain drill. 


The 1940 season was unusually dry 
and only four cuttings were obtained; 
the last one August 14. There were no 
fall rains to produce a late pasture; 
this and the fact that the pasture 
was thin to begin with accounts for the 
small amount of green material pro- 
duced even on the fertilized plots. In 
all of the treatments the greatest in- 


TABLE 3.—PASTURE FERTILIZATION, 1940. 











Cost of 
Date of | Yield of green | Increase ferti- 
Treatment treatment | material per | per acre | lizer per: 
acre (season) acre 
pounds pounds 
i NR ee ea Ns ee cod Wibe ace aa ee A ox 5 Wan aeeeas cede 
2. 4-12-4 (250 Ibs. per A)............ April 1 4,840 3, 267 $ 4.31 
3. Nitrogen (300 Ibs. per A).......... May 4,114 2,541 5.80 
ee ral A Ae ee a ee eee (2 and 3) 5,292 3,719 10.11 
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crease in yields over the check was ob- 
tained with the first and second cuttings. 
From the data presented in Table 3, it is 
to be noted that the 4-12-4 fertilizer pro- 
duced the most efficient increase of green 
material. Where only 1,573 pounds of 


green material were obtained from the 
untreated plot, 4,840 pounds (over three 
times as much) were obtained from the 
application of 250 pounds per acre of the 
4-12-4 fertilizer at a cost of $4.31 for the 
fertilizer. 





ADAPTING THE TEACHING OF AGRICULTURE TO THE 
NEEDS OF THE COMMUNITY 


BURDETTE GRAHAM 


Prairie City, Illinois 
ABSTRACT 


One of the primary needs of the com- 
munity is to secure and apply informa- 
tion as soon as possible after it is known. 
I feel that in too many cases the gap 
between the time a thing is proven to be 
good and the time when it is put into 
practice is too great. All of the agencies 
which are experimenting and carrying on 
research for new and better practices are 
doing a fine job. They are also doing a 
fine job in placing the information they 
have in the hands of schools and exten- 
sion agenciés in the local communities. 
A way must be found, however, to short- 
en the gap between the time a thing is 
known and the time it is applied. I am 
reminded of the boy who in school was 
taught many phases of soil conservation. 
When he returned home to the farm 
after having been away for several years 
he found that the gully he had learned 
how to control when he was in school, 
had taken the school house and much of 
the surrounding land with it. While he 
was studying about soil conservation 
control the gully went right on taking 
its toll. He thought what he was learn- 
ing was for some one else to apply. When 
he realized it was for him to apply much 
damage had been done which could never 
be repaired. The gap was too great be- 
tween the time a thing was learned and 
the time it was applied. In this article 
four suggestions are made to help over- 
come this gap. 

Find the Need by Community Surveys. 
—The first suggestion is to find the real 
needs of the community. This can best 
be done by means of surveys of the vari- 
ous areas of activity. Surveys of various 
kinds can be used, such as: question- 
naires, conferences, tours, and personal 


observation. From these surveys one 
with training should be able to arrive at 
the needs with accuracy. 

Create Interest in Doing Something 
About the Needs.—One of the best means 
of creating enough interest to secure ac- 
tion in working toward the goal of meet- 
ing a need is to direct the attention of 
adults, school boys, and the youth toward 
the goal. Showing the results of the sur- 
veys of the community to all groups, and 
getting them all to work toward a cer- 
tain goal is the first step. They may be 
made fully conscious of the needs by 
tours, discussion, pictures, and many 
other means. Once the people of a com- 
munity see a need they will do something 
about it if they know what to do. Some 
means must be used which is effective, 
interesting and accurate to show them 
what and how to do. 

Community Demonstrations Get Ac- 
tion.—Community demonstration is the 
third suggestion which I have to make 
to help get ideas into action and takes 
many forms. The boy’s supervised prac- 
tice programs are good examples. They 
do not touch enough of the problems of 
the farm however, so something more is 
needed. The community demonstration 
is a practice set up in the community so 
that people can see it often, and under 
home conditions. It is local so that it is 
talked about many times, and so its good 
and bad points brought up and discussed 
by all. If the demonstration is good, and 
it should be, people are in favor of the 
practice demonstrated, and that is just 
what we hope they will be. 

As an illustration of the effectiveness 
of a community demonstration, let us 
consider one which we used effectively in 
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this community. It was one showing 
contour farming of corn, a_ practice 
which, in everyone’s mind, was one 
which could never be used and would not 
be effective, would be a nuisance, would 
be laughed at. We established a small 
demonstration field on two sides of the 
community, along the road where people 
could see them. We visited them on 
tours and discussed them at meetings. 
The following year the same farmers in- 
creased their own contour acreage by 
30 percent and several other farmers for 
the first time tried a field on the contour, 
proof enough of the effectiveness of the 
demonstration in getting action. 

Other demonstrations which are being 
used are: terraces, windbreak planting, 
grove planting of hedge trees, forest 
plantings, sod flumes, diversion ditches, 
swine sanitation, grass waterways, and 
terrace outlets. 

Show the Demonstration to People.— 
Good demonstrations should be visited by 
many people, and at times when they are” 
interested, and when there is something 


of interest to see. Visit terraces during 
a big rain, or visit a swine sanitation 
demonstration when the pigs are showing 
the results of clean raising. Tours are 
always good, as people see things and 
discuss them better when in a group. 
What one does not see another will. A 
picture record of the construction and 
results of the practice will be good to 
show to future groups. Once people see 
a thing they are much more in a mood 
to attempt it, if it is something they 
can use profitably. 

By following the steps outlined above, 
a program in agricultural education can 
be made to result in action, which is 
the desired end of such education. The 
four steps outlined above followed out 
with any practice will do much to shorten 
the gap between the time it is known and 
the time it is applied on the farms. Over- 
coming this lag is the greatest need our 
communities have. We must adapt our 
teaching to meet this need, or our com- 
munities will find some other way to ac- 
complish it. 





PALATABILITY OF 


PASTURE PLANTS 


R. F. FUELLEMAN AND W. L. BuRLISON 


University ‘of Illinois, Urbana, Illinois 


Palatability is a relative term. When 
applied to vegetation with respect to 
animals, the cataloging of palatability of 
plant species is extremely difficult. If it 
were possible to isolate certain variables 
and subject each factor to analysis with 
relation to palatibility, the problem 
would be greatly simplified. 

Methods of analysis are contingent 
upon animals, vegetation, environment 
and climate. During no period in the 
grazing season, whether it be a month, 
a week, or day, do any of the above fac- 
tors function in the same manner. The 
most static, if they can be termed as 
such with respect to palatability, are the 
animals. Vegetation changes from day 
to day at a surprising rate of speed, ani- 
mals more slowly. A large group of ani- 
mals on a given area tend to balance 
among themselves small changes due to 
environment. The converse is true with 
vegetation. Different species have dis- 
similar requirements of moisture, light, 
and temperature; their maturity differs. 
An ideal environment for one species 


may not be best for another. Pasturing 
a single species of forage as Kentucky 
bluegrass (Poa pratensis) would obvi- 
ously provide a measure of palatability 
as related to maturity of this plant, but 
would not be a criterion of the palatabil- 
ity of this grass as compared to some 
other species. Animals with no alterna- 
tive or choice must necessarily derive 
their nourishment from what is at hand, 
whereas a mixture or series of mixtures 
would provide a choice which would be 
conditioned by species, maturity, and a 
number of factors so closely linked as to 
be inseparable. 

This paper presents briefly some re- 
sults of palatability studies inaugurated 
in 1938. 

Methods of Approach.—In attempting 
to place palatability value on a plant 
species, the best approach is through the 
use of grazing animals and parallel botan- 
ical analyses of vegetation. Yield data 
will also indicate the relationship be- 
tween palatability and available vegeta- 
tion; however, the values assigned to a 
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particular species or mixture of species 
do not distinguish definitely between 
qualitative and quantitative results. 

In attempting to assess the palatability 
value of pasture plants, they should all 
be offered to the animals at a stage of 
growth where the majority of species are 
at a stage of maturity most acceptable 
to the animal. Undoubtedly, this stage 
is during the early part of the grazing 
season. It is difficult, if not impossible, 
to project an experiment in which all 
species would be pastured at the same 
stage of maturity. If this were possible 
the variable of animal changes is in- 
troduced. 


A second factor indicates that the ani- 
mals should be of similar age and breed. 
Obviously, different aged animals may 
well have different tastes with respect to 
vegetation. For example, aged animals 
(sheep) may have greater requirements 
for body maintenance, particularly dur- 
ing gestation periods, and _ therefore 
might easily be less selective than an im- 
mature animal. Certain breeds of sheep 
are larger or smaller than others and 
introduce a variable into the picture dif- 
ficult to analyze. Acclimatization has not 
been mentioned. However, a band of 
sheep just arrived from a western range 
and placed on a palatability test would 
probably be less selective than the same 
band following an acclimatization period. 


Botanical analyses are considered as an 
essential adjunct in palatability studies. 
The method of analysis is of course ar- 
bitrary; but when a large number of 
species plots are used, the matter of time 
becomes most important. Hence, that 
method affording the most rapid analysis 
is used. The results obtained are quali- 
tative, but the application’ is remotely 
quantitative. 


Grazing animals, particularly sheep, 
are selective and it can be assumed that 
they will consume the more palatable 
species whether it be weed, grass, or 
clover. This is unquestionably one of 
the fundamental bases for assessing pal- 
atability values to plant species. 


That sheep are fairly constant in their 
grazing habits can be seen by close ob- 
servation. When forage is plentiful—no 
long period of time is necessary to sat- 
isfy their appetites—the daily grazing 
periods are short. Usually this does not 
exceed an hour’s time. If the experi- 


mental plots are large, they need not 
graze all plots before obtaining their fill. 
Under the above conditions, periods of 
grazing seem to follow a time schedule; 
ie., beginning at 4 a. m. to 5 a. m.; 7 
a. m. to 8 a..m.; 10 a. m. to 11 a. m.; 
1 p. m. to 2 p. m.; etc., until dusk. Cer- 
tain external conditions may change the 
direction of grazing—a strong wind tends 
to cause them to rest on the lee side of 
the field or plot, and when grazing, to 
travel into the wind. When available 
forage is short (literally), a much longer 
period of time is required for the animals 
to obtain sufficient to satisfy their needs. 

Methods of Determining Palatability.— 
Seventy-two plots in duplicate, each 1x2 
rods in area, were seeded in the fall of 
1936 and the spring of 1937 with pure 
seedings and mixtures. Some 20 species 
were seeded in various combinations and 
in most cases alone. The position of an 
individual plot in the series was prede- 
termined, and a comparison between cer- 
tain species and mixture plots was ex- 
pedited by using a single species on one 
plot and mixtures of this species in com- 
bination with other species on adjacent 
plots. An example of this was a mixture 
containing red clover, Kentucky blue- 
grass and redtop on one plot, and three 
adjacent plots containing the same 
grasses, but with alfalfa, alsike clover 
and white clover as the legumes. 

If the entire series of plots were used 
in this paper the mass of data would be 
unwieldy and confusing; therefore, the 
writers have deemed it best to use a 
group of six plots to illustrate the pro 
cedure and results. 

Botanical analyses by means of a point 
quadrat were made in the fall of 1937 
and in the summers of 1938, 1939, and 
1940. Results were expressed in terms 
of percentages for purposes of compari- 
son. The point quadrat method in prac- 
tice does not provide a measure of actual 
weight of the component vegetation on a 
plot, but does indicate the relative in- 
cidence of a particular species. The rela- 
tionship between point quadrat analyses, 
occurrence, and actual quantity of any 
species in a plot becomes more directly 
comparable as the season advances and 
as the vegetation is consumed by animals. 

Yields of dry matter were obtained in 
the spring of 1938 and again in the fall 
from each plot for purposes of compari- 
son. 
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In May of 1938, seventy even-aged 
sheep were turned on the plots. From 
a platform or tower located in the center 
of the series of plots, observations were 
made of the number .of sheep on each 
plot at intervals of 15 to 30 minutes over 


a period of three days and the data re 
corded. These observations coupled with 
the botanical analyses, forage weights, 
and observations form the basis for the 
determination of palatability as recorded 
in the results. 


























TABLE 1.—RELATIVE PERCENTAGES OF SPECIES IN PLOTS ON SEPTEMBER 29, 1937, MAY 3, 
1938, AND JUNE 13, 1940. 
Plots 
1 2 3 4 5 6 
Species iain 

'9/37|5/38|6/40/9/37|5/38|6/40|9/37| 5/38|6/40/9/37|5/38|6/40/9/37|5/38|6/40|9/37|5/3816/40 
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(“ta aes oe eS Se: ee 40} 49) 14]___. om fA ve 
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Results and Discussion.—The six plots 
included in this discussion were seeded 
with the following species: 1. Ladino 
clover; 2. Timothy; 3. Reed canary 
grass; 4. Alfalfa, timothy, redtop; 5. 
Kentucky bluegrass; 6. Redtop. 

Preliminary point quadrat readings 
were made on September 29, 1937. The 
results, as well as readings made on 
May 3, 1938 and June 13, 1940, are shown 
in table 1. Percentages are not an ex- 
pression of “ry weight, but indicate the 
relative percentage of each species. 

The absence of grazing animals on the 
plots in 1937 and a single clipping of 
the plots in June allowed the taller grow- 
ing species to recover by September 29, 
and in some cases suppressed the inci- 
dence of white clover, Trifolium repens. 

Another factor which may result in the 
presence or absence of white clover is 
that of root interaction with the subse- 
quent elimination or entrance of certain 
species from plots. 

Table 1 illustrates the changes in 
botanical composition over the period of 
four years. A measure of relative pal- 
atability is found in the percentage of a 
species remaining on the last analysis 
date, June 13, 1940. In Plot 1, Ladino 
clover decreased from 86 percent in 1937 
to 14 percent in 1940. On the same plot 
Kentucky bluegrass constituted 41 per- 
cent of the cover in the latter year. These 


percentages at once illustrate the high 
palatability of the clover and the aggres- 
siveness of the bluegrass. Plot 2 con- 
tained 76 percent timothy in 1938 and 
none in 1940. Plot 3 was seeded to reed 
canary grass. This grass has been con- 
sidered unpalatable. The figures in the 
table bear out this statement, for in 1940 
47 percent of the vegetation was reed 
canary grass and Kentucky bluegrass oc- 
cupied 35 percent of the remaining space. 
Similar relationships are illustrated in 
Plots 4, 5, and 6. 

Tables 2 and 4 are particularly inter- 
esting in that they provide a direct 
measure of comparative palatability. 
Yields of dry matter were obtained on 
May 3, 1938, previous to turning in sheep, 
and again on June 9 at the end of the 
grazing period. Similar data are shown 
for the period May 15 to June 29, 1939. 
The amount of forage remaining or re- 
sidual yield, expressed in percentages, in- 
dicates the relative palatability of the 
various species and mixtures. The factor 
of growth occurring during the grazing 
period is applicable to all species; i.e. 
the grand period of growth for all of the 
species considered is encompassed by the 
dates May 3-June 29. It is also a period 
when these plants are most succulent and 
therefore if a difference in palatability 
occurs it is borne out in the differences 
in consumed forage. 
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TABLE 2.—YIELDS OF Dry MATTER IN 
Pounps PER ACRE. 
May 3 AND JUNE 9, 1938. 








Yield Yield 
pounds | pounds | Forage 





Plot} Seedings per per remain- 
acre acre ing 
May 3 | June 9 % 
1...|Ladino 2,424 684 28.0 
clover... 
2...|Timothy...} 1,332 324 24.3 
3...|/Reed cana- 
ry grass.| 5,280 | 2,832 56.4 
4...\Alfalfa, 
Timothy, 
Redtop..| 2,136 372 17.4 
5.../|Kentucky 852 | 1,020 119.7 
bluegrass 
6...|Redtop....| 1,548 | 1,200 77.5 

















TaBLE 3.—ToTaL NUMBER OF SHEEP RE- 

CORDED AS GRAZING ON EACH 
PLot OveR A PERIOD OF Four 
Days, May 4 To May 7, 1938, 
A Total oF 70 S¥izEP WAS ON 
THE PLOTS, AND THE OBSERVA- 
TIONS MADE AT REGULAR IN- 
TERVALS WERE 70. 








Plot Number of sheep on plots 
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Plot 5 gave a larger yield at the end 
of the period than on the first sampling 
date. Kentucky bluegrass, Poa pratensis, 
was the dominant species. Redtop, 
Agrostis alba, and reed canary grass, 
Phalaris arundinacea, can be placed in a 
second group of palatability. Alfalfa, 
Medicago sativa, Ladino clover, trifolium 
repens Latum, and timothy, Phleum pra- 
tense, can all be placed in a group as 
species of relatively high palatability. 
Some species of the latter groups are 


TABLE 4.—YreLtp Data For 1939. Ptrots 
GRAZED IN INTERIM BY SHEEP 





Yield Yield 
pounds | pounds 
Plot per per Forage 

acre acre | remain- 
May 15,| June 29,| ing 
1939 1939 % 





es a wt lat eR 564 | Trace 0.0 
BS 5 eho emans 756 372 49.2 
esiGack,o ste a 864 916 106.0 
. RES re 1,836 240 13.0 
ERA Seg eee 432 360 83.3 
SR ar ap 480 132 27.5 














distinguished as being more palatable 
than others. 

Sheep Data.—The number of sheep 
grazing a plot at a single specified time 
is not an indication of palatability of the 
species, but when a number of observa- 
tions are made and the number of ani- 
mals totaled it is safe to assume that the 
figure obtained is an indication of palata- 
bility. Certain factors other than pal- 
atability may prevent the animals from 
grazing some plots and must be consid- 
ered. The location of a plot is an ex- 
ample. If located near a farm road, the 
traffic may cause sheep to avoid it. Table 
3 shows the total number of sheep on 
each plot—the total of 70 observations. 

Palatability of Kentucky Bluegrass and 
Redtop.—In 1939 two plots—one seeded 
to Kentucky bluegrass, Poa pratensis, the 
other to redtop, Agrostis alba—were used 
to test the palatability of these species. 
The palatability of both species is con- 
sidered as low during their mature stage 
of growth. An enclosure was placed on 
the plots, encompassing one-half of each 
species. Two sheep were placed within 
the enclosure for a period of eight days. 
Yields were obtained at the beginning 
and at the end of the period. The re- 
sults are shown in table 5. It is inter- 
esting to note that the apparent palata- 
bility. of Kentucky bluegrass, as indi- 
cated by the percent of forage remaining, 
was much higher than that of redtop. 
The effect of maturity on palatability is 
illustrated in this table. 
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TABLE 5.—COMPARISON OF ReEpToP (Agros- 
tis alba) AND KENTUCKY BLUE- 
Grass (Poa pratensis) IN Ma- 

TURE STAGES OF GROWTH. 

Periop JuLY 1 To JuLy 8, 1939. 











Yield Yield 
pounds | pounds |Number)| Forage 
Plot per per of remain- 
acre acre sheep ing 
July 1 | July 8 % 
Ken- 
tucky 
blue- 
grass} 1,608 432 2 26.8 
Red- 
top..| 1,464] 1,152 2 78.7 
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SUMMARY 


Data are presented to support state- 
ments regarding the palatability of pas- 
ture plants. The increase or decrease 
of species in a sward is dependent upon 
competition, environment, and maturity; 
these in turn condition palatability and 
therefore the relationship of this latter 
factor to the animals themselves. Com- 
petition eliminates some species, but this 
is speeded if one species is more palatable 
than another. Maturity connotes more 
fiber in a plant and therefore makes for 
lowered palatabilify. Environment in 
general was similar for all species and 
hence the effect was considered equal. 





CERTAIN FACTORS AFFECTING THE GROWTH OF 
AZOTOBACTER IN THE SOIL 


J. L. SULLIVAN 


Western Illinois State Teachers College, Macomb, Illinois 


During the many years which have 
elapsed since the discovery of the nitro- 
gen-fixing organisms of the genus ‘Azoto- 
bacter, much experimental work has been 
done dealing with their nutritional re- 
quirements and their probable economic 
importance in the maintenance of soil 
fertility. It is generally agreed that 
Azotobacter may, under favorable condi- 
tions, be an important factor in the main- 
tenance of soil fertility. It is not definite- 
ly known how much nitrogen will be fixed 
by these organisms under field conditions, 
but the evidence available indicates that 
these bacteria may be important in add- 
ing to the nitrogen content of the soil 
and therefore in furnishing growing 
crops with the nitrogen they need. 

The experiments reported here were 
undertaken to study the influence of vari- 
ous factors on nitrogen fixation by Azoto- 
bacter, and to determine if possible 
whether any of these factors can be con- 
trolled by artificial means. 

In order that one might determine 
what influence soil treatment had on the 
occurrence and activity of Azotobacter, 
soil samples were collected from twenty- 
five experimental fields located in the five 
major soil divisions of Iowa and repre- 


senting eleven soil types. These fields 
had been under observation for many 
years. Manure had been applied to these 
soils at the rate of eight tons an acre 
every four or five years. Lime had been 
added as needed according to the Truog 
lime requirement test, while twenty per- 
cent superphosphate had teen applied at 
the rate of 160 pounds an acre a year. 
Composite samples were collected from 
three plots in each field. One sample 
was collected from the check plot, a sec- 
ond sample from the plot which had been 
treated with lime and manure, and an- 
other from the plot which had received 
manure, lime, and superphosphate. These 
soil samples were tested according to the 
following methods: by Winogradsky’s 
spontaneous culture test, by nitrogen 
fixation in solution and on silica gel, 
by the soluble phosphorous test, by pH 
determination, and by the Truog lime 
requirement test. 

The results secured indicate that soil 
reaction is probably the most important 
factor affecting the distribution of Azoto- 
bacter in these scils. Different results 
were secured, however, with the two 
methods employed for establishing the 
presence of these organisms. Many of 
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the soils which gave positive results with 
the silica gel method failed to show the 
presence of these bacteria when tested by 
the Winogradsky spontaneous culture 
method. The results obtained indicate 
that the silica gel method is more reliable 
for testing the presence of Azotobacter 
in soils than the spontaneous method, 
which is more widely employed. It is 
our belief that the silica gel exerts some 
beneficial effect on the growth of these 
bacteria. On the basis of the Winograd- 
sky test many investigators have con- 
cluded that Azotobacter do not occur in 
soils more acid than pH 6.00. In the 
work reported here, however, these bac- 
teria were detected in soil as acid as pH 
5.6. 

Many investigators have reported that 
Azotobacter can live in culture media far 
more acid than pH 6.00 if combined nitro- 
gen is present. Since many of the soils 
used in this investigation had been ma- 
nured, there may have been sufficient 
nitrogen present to support these organ- 
isms even though the soils were quite 
acid. Rather recently some _ research 
workers have been able to demonstrate 
the presence of Azotobacter in soils as 
acid as pH 4.00. From their results it 
appears that these organisms will live 
in extremely acid soils if other soil fac- 
tors are favorable for their growth. In 
fact, it has been reported that the addi- 
tion of calcium carbonate to soil may, 
under certain conditions, inhibit the 
growth of these organisms. It has been 
observed that the addition of hydro- 
chloric acid, sulphuric acid, or phosphoric 
acid to soils which had been limed in- 
creased the activity of Azotobacter in 
these soils. Furthermore, some of these 
research workers have ¢oncluded that 
there is no close correlation between soil 
reaction and the occurrence of Azoto- 
bacter, but that the carbonate phosphate 
ratio is more important than the soil re- 
action. Other investigators, however, 
have concluded that the soil complex is 
the most important factor affecting the 
occurrence of the non-symbiotic nitrogen- 
fixing organisms in soils. It is interest- 
ing to note that many of the extremely 
acid soils which contained Azotobacter 
were soils with a relatively high organic 
matter content. One might assume from 
the results that soil organic matter con- 
tains some factor or factors which stimu- 
late these organisms. In fact, it has been 


observed that humus and soil extracts 
from high humus soils will stimulate 
these bacteria. 

It seems that there is no general agree- 
ment among research workers concerning 
the influence of soil reaction on the oc- 
currence of Azotobacter. I believe, how- 
ever, it is safe to say that the majority 
of evidence available supports the belief 
that Azotobacter are more likely to occur 
in soils more alkaline than pH 6.00, than 
in soils more acid than pH 6.00. 

It has already been pointed out that 
in the work reported here many of the 
soils more acid than pH 6.00 contained 
Azotobacter. In the majority of cases, 
however, the organisms isolated from 
these acid soils grew rather feebly on 
culture media and had a low nitrogen- 
fixing power. These results seem to in- 
dicate that if these bacteria occur in 
soils more acid than pH 6.00, they are 
likely to be rather inactive and probably 
do not fix as much nitrogen as those 
organisms living in soils with a more 
favorable reaction. 

There is much evidence, therefore, that 
if enough lime is added to an acid soil 
to bring the reaction to near the neutral 
point, and if other soil conditions are 
favorable, an Azotobacter flora can be 
established without artificial inoculation. 
These organisms appear to be rather 
widely distributed, and if soil conditions 
are made favorable they will probably 
find their way into the soil by natural 
means. 

In addition to soil reaction there are 
apparently many other factors which in- 
fluence the occurrence and activity of 
Azotobacter in soils. Many research 
workers have found that the soil minerals 
are necessary for nitrogen fixation by the 
aerobic non-symbiotic nitrogen-fixers. 
The bacteria of this group are said to be 
particularly sensitive to a deficiency of 
phosphates. There is, however, some 
difference of opinion relative to the type 
and quantity of phosphate needed. Many 
investigators have reported that the ad- 
dition of phosphate fertilizers to soil had 
no influence on Azotobacter, while others 
have observed a marked stimulation fol- 
lowing the application of such materials. 
In the work reported here the addition of 
superphosphate, in addition to lime and 
manure, did not apparently increase the 
nitrogen-fixing power of the soil. None 


of the soils were, however, very low in 











avai 
of § 
in 
hav 
tain 
qua 
soil 
gan 
dat: 
pea 
mal 
the’ 
the 
tior 
bio! 
wol 
unt 
wh: 
soil 
ter’ 
fixe 
anc 
soil 
tha 
cro 
dit: 


Tl 





TT eFFr dc So VY ee, Oe ie ek ee a le 


ans ae Ts Bw = = oe wu Ss @ we 6 


SO @ reOs @O7BarYe Fe 


= 8 Be 


- 


- OO =m 








Agriculture—1941 Meeting 57 


available phosphorus. If smaller amounts 
of soluble phosphorus had been present 
in these soils, different results might 
have been secured. The soils which con- 
tained Azotobacter had a higher average 
quantity of soluble phosphorus than the 
soils in which the presence of these or- 
ganisms was not established. From these 
data and from many other reports it ap- 
pears that if farmers followed the soil 
management methods recommended by 
their experiment stations, they would, in 
the majority of cases, provide soil condi- 
tions favorable for the aerobic non-sym- 
biotic nitrogen-fixing organisms. In the 
work reported here sixteen percent of the 
untreated soils contained Azotobacter, 
while sixty-four percent of the fertilized 
soils showed the presence of these bac- 
teria. Furthermore, the untreated soils 
fixed much less nitrogen on silica gel 
and in solution than did the fertilized 
soils. It should be pointed out, however, 
that many of the soils which had a high 
crop-producing power and possessed con- 
ditions which are generally considered 


favorable for these bacteria, either failed 
to show the presence of these organisms, 
or had a low nitrogen-fixing power. 

We must admit, therefore, that our 
knowledge of the conditions necessary for 
maximum growth of Azotobacter is far 
from complete. Quite recently, many 
substances have been found which stimu- 
late these bacteria. In addition to ordi- 
nary soil minerals, many of the rare 
minerals, such as molybdenum and van- 
adium, have been found to stimulate this 
group of bacteria. In addition to the 
minerals many organic compounds seem 
to have a beneficial effect. There is also 
some evidence that some materials con- 
tain accessory growth factors which in- 
fluence this group of organisms. It is not 
known just how these materials influence 
the growth of Azotobacter and the nitro- 
gen fixation by this group of organisms, 
nor is it known what quantities 
are needed for best results. The answers 
to many of these questions will have to 
await further investigation. 





THE ROLE OF HYBRIDIZATION IN THE IMPROVEMENT 
OF THE SOYBEAN 


C. M. WoopwortH 


University of Illinois, Urbana, Illinois 


Most of the varieties of soybeans grown 
in the corn belt states at the present 
time have been introduced from the 
Orient or are selections from such intro- 
ductions. In the early days of the soy- 
bean in this country, thousands of varie- 
ties were brought over from Japan, 
China, and Korea, and subjected to tests 
in various states to determine their 
adaptability. The varieties were so nu- 
merous and variations so abundant that 
there was no lack of material for these 
adaptation trials. Manchu, Dunfield, 
Morse, Mansoy, Mukden, and many other 
varieties were thus discovered and in- 
creased for commercial planting. This 
represents the first phase of soybean im- 
provement in this country. 

When the introductions and selections 
had been tested and it appeared that little 
further improvement could be expected 
from that procedure, the breeder turned 


his attention to crossing varieties. In 
order for any further improvement to be 
effected, there must be genetic variation 
for selection to work upon. This is not 
available in varieties that have come 
from other varieties by pure line selec- 
tion. Hence, crossing must be resorted 
to provide genetic variation. 

Technique of Hybridization.—The soy- 
bean plant is rather difficult to hybridize 
due mainly to the small size of the flower. 
It is advantageous to use a binocular 
magnifier which magnifies the flower 
about three times. With the aid of this 
instrument the anthers can be easily seen 
and then they can be removed by means 
of a pair of sharp pointed forceps. Then 
pollen is brought from the male parent 
and applied to the stigma of the emascu- 
lated flower. From each flower thus 
fertilized one may expect any number of 
seeds from none to four provided a pod 
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develops. One is fortunate if 25 percent 
of the flowers pollinated develop into 
pods. 

Recently changes have been made in 
the technique of crossing which speed 
up the process considerably. The flowers 
are not emasculated at all but are polli- 
nated without first removing the anthers. 
When plants are grown from seeds grown 
in this way it may be found that some 
of the plants are the result of self-fer- 
tilization and therefore not hybrids, but 
in our experience most of them are hy- 
brids. This technique requires that the 
parents differ in certain obvious char- 
acters, the mode of inheritance of which 
is known, with the dominant member 
carried by the male parent so that the 
hybrids can be identified. Examples of 
such characters are flower color and 
pubescence color. 

Methods of Handling F, Plants.—When 
the F, hybrid plants are allowed to self- 
pollinate and an F, population grown, 
there are two methods of handling the 
material from this point on. One is the 
pedigree system whereby each individual 
F, plant is harvested and threshed sep- 
arately, F, progenies grown separately, 
and selections made both within and be- 
tween these and progenies of later gen- 
erations. If yield of seed is one of the 
characters in which improvement is 
sought perhaps early yield tests are jus- 
tified for the purpose of eliminating many 
lines as early in the selection program 
as possible. This idea is based on a 
study of the combining value of inbred 
lines of corn by Dr. M. T. Jenkins (1). 
Using the top-cross method, Doctor Jen- 
kins compared the yields of lines self- 
fertilized from one to many times and 
found that the combining value did not 
appreciably change as the line ap- 
proached constancy. Applied to soybeans, 
a self-fertilized crop, the implication is 
that yield tests of F, progenies would be 
useful in eliminating many strains before 
much time and effort were spent on them. 
Such yield tests, however, necessarily in- 
volve large numbers of strains. Certain 
of the newer field plot designs have been 
worked out by statisticians for the ex- 
press purpose of increasing the accuracy 
of tests containing more than the usual 
number of strains. As an example we 
have the 15x15 lattice design which ac- 
commodates 225 strains. 
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Another method of handling F, mate- 
rial is known as the bulked hybrid 
method. This is based on the principle 
that a population of plants derived from 
a hybrid and continually propagated by 
self-fertilization tends to become a mix- 
ture of pure types with heterozygous 
types reduced to a negligible proportion. 
The number of such pure types is given 
by the expression, 2™, where m is the 
number of factors for which the F, was 
heterozygous. Thus with 10 heterozyg- 
ous factors, we would expect 1024 pure 
types representing all possible combina- 
tions of dominant and recessive members 
of these factor pairs. The procedure is 
to thresh all F, plants together, plant the 
seed the next year, or as much of it as 
is practicable, harvest and thresh all 
plants together as before, and continue 
the process for 6 to 10 generations. At 
the end of that time selections can be 
made in the population with fair assur- 
ance that each plant selected will breed 
true. During this period natural selec- 
tion will either eliminate many unadap- 
ted types or reduce them to low propor- 
tions. Also, at the start the seed can be 
divided into separate lots and sent to 
different sections of the state to be sub- 
jected to varying climatic and soil condi- 
tions. After several generations, it would 
be expected that the best adapted types 
would remain in the population in the 
respective sections, and these could then 
be isolated, grown in plant rows, and 
tested further for yield and other char- 
acteristics. Many hybrid populations can 
be carried on in this manner at low cost. 
In fact, many hybrids can be put to 
gether and carried on as one population. 

Improvement Through Backcrossing.— 
Experiments are under way at present 
to test out the value of backcrossing as 
a method of improvement. The objec- 
tives of this method are (1) to retain 
the desirable characters of the recurrent 
parent, and (2) to add other desirable 
characters from the non-recurrent parent. 
For example, Illini possesses several de- 
sirable characters, as good yield, seed 
quality, and resistance to shattering; but 
it has a tendency to lodge. Illini as re- 
current parent is crossed to T117 as non- 
recurrent parent which stands well. The 
hybrid is then crossed to Illini to make 
the first backcross. When the progeny 
is grown the most erect plants are se- 
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lected and these should be again crossed 
to Illini to make the second backcross. 
At this point the recurrent parent makes 
up 87.5 percent of the gene content, and 
if the third backcross is made the per- 
centage of Illini germplasm would in- 
crease to 93.75 percent. Selection for 
Illini characters is unnecessary because 
continual backcrossing to Illini leads to 
the production of a population that ap- 
proaches that variety in homozygous 
condition very rapidly. Illini characters 
cannot be lost even under non-selection. 
Selection then is important only in hold- 
ing the desirable character or characters 
from the non-recurrent parent. 


Success by the method of backcrossing 
is conditioned somewhat by the mode of 
inheritance of the characters brought in 
by the non-recurrent parent. If the in- 
heritance is simple and the character is 
dominant then selection is easy and suc- 
cess is assured. If, however, the char- 
acter is quantitative in nature and deter- 
mined by a large number of genes the 
problem is difficult. Furthermore, if the 
character desired is recessive, complica- 
tions arise. Under such conditions, there 
are two procedures that might be fol- 
lowed: 


(1) Alternate crossing to the -recur- 
rent parent with selfing so that by segre- 
gation the recessive character will be 
brought out for selection to lay hold of. 
After the first backcross, half the pro- 
geny will be homozygous for the domi- 
nant and half will be heterozygous. These 
cannot be distinguished. If allowed to 
self-fertilize, they can be distinguished 
by the behavior of their progeny, as half 
will breed true and half will segregate. 
Those that segregate are the plants de- 
sired. The recessive segregates could 
then be selected and crossed the next 
year to the recurrent parent, making the 
second backcross. This procedure could 
then be repeated. 


(2) Continuing the backcrossing with- 
out interruption as many times as de- 
sired, delaying until the period of back- 
crossing is completed the isolation of the 
desired type. As in (1) after the first 
backcross, half the progeny will be hom- 
ozygous for the dominant and half will 
be heterozygous. These of course cannot 
be distinguished, but a number of them 
can be crossed back to the recurrent 
parent again. Theoretically, half of such 


crosses would be with the homozygous 
dominant and half with the heterozygous 
dominant. Hence, the recessive gene can- 
not be lost even though it is impossible 
for selection to operate. When the sec- 
ond backcross plants are grown they can 
again be crossed if desired with the re- 
current parent with the expectation how- 
ever that three-fourths of the crosses will 
be with homozygous and one-fourth with 
heterozygous parents. If three _ back- 
crosses are considered sufficient the 
plants can be allowed to self-pollinate, 
and the next year tested out, plant-to-row, 
to determine which are breeding true and 
which are segregating. From the segre- 
gating rows, the recessive can be selected 
with good assurance that they possess 
most of the contribution from the re- 
current parent as well as the desired 
character from the non-recurrent parent. 

Taking Advantage of Hybrid Vigor.— 
Certain soybean varieties when crossed 
exhibit hybrid vigor though not nearly to 
the same extent as corn hybrids. It is 
generally considered that a hybrid ex- 
hibits hybrid vigor if it exceeds both 
parents in some particular character as 
yield of seed or height or total weight of 
dry matter. Corn hybrids made by cross- 
ing inbred lines furnish sensational ex- 
amples of plants tifat exceed the parent 
lines in most characters having to do 
with growth or size. Soybean hybrids 
do not ordinarily exceed the better par- 
ent very much, though there are a few ex- 
ceptions. A few years ago one of our 
students, Dr. Collins Veatch, made a care- 
ful study of 16 soybean hybrids. (2) 
Of these, 10 were above the higher parent 
variety in yield of seed to an extent rang- 
ing from 1.58 to 71.53 percent. More 
recently in a group of 49 hybrids studied 
by Dr. L. F. Williams, Bureau of Plant 
Industry, U.S.D.A., at the U. S. Regional 
Soybean Industrial Products Laboratory, 
in cooperation with the Illinois Station, 
there were 32 which were above the 
higher parent in yield of seed to an ex- 
tent ranging from 0.1—97.4_ percent. 
These soybean hybrids thus exhibited 
hybrid vigor just as corn hybrids do, but 
the difference is in the extent of its mani- 
festation. Compared with the inbred 
parents many corn hybrids yield from 
three to five times as much as even the 
higher yielding inbred. On a percentage 
basis this would represent an increase of 
200 to 400 percent. 
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There is another very important differ- 
ence between corn hybrids and soybean 
hybrids, and that consists in the way 
they can be utilized for increased produc- 
tion. Because of the flowering habits of 
the corn plant, corn hybrids can be easily 
and cheaply produced on a field scale by 
interplanting the two parents and detas- 
seling the ear parent so that it can be 
pollinated only by the pollen parent. 
Thus the commercial crop can be grown 
from hybrid seed and complete advan- 
tage can be taken of any hybrid vigor 
that may be exhibited. Soybean hybrids, 
on the other hand, have to be tediously 
and painstakingly produced by first re- 
moving the anthers of the flower borne 
on the female parent, and then pollinat- 
ing with pollen collected from the flowers 
born on the male parent. An expert hy- 
bridizer working every day during the 
pollinating season would do well to pro- 
duce a few hundred hybrid seeds in this 
way. It is obviously impossible, there- 
fore, to utilize in the same way as with 
corn any hybrid vigor soybean hybrids 
may exhibit. 

Consequently, the soybean breeder has 
to try another method. He must try to 
hold the increased vigor exhibited by the 
hybrid while at the same time he carrries 
the hybrid down through the F,, F;, F, 
and later generations allowing self-fertili- 
zation to take place each time. The only 
way in which he can hope to hold the 
vigor is by selection. But in this he is 
opposed by the principle of segregation 
which distributes the favorable factors 
into different lines. Hence, a compromise 
results, and the breeder has to be satis- 
fied with whatever vigor he can hold and 
still have a true-breeding variety. 

Convergent Improvement.—The method 
of convergent improvement which has 
been suggested for corn also has a place 
in soybean breeding. This differs from 
the strict backcross method in that back- * 


crosses are made to each parent instead 
of but one. Thus two recovered lines are 
developed which are more nearly alike to 
the extent that one or more genes have 
been brought in from the respective non- 
recurrent parent, held by selection, and 
made homozygous by selfing. The hybrid 
between the two recovered lines should 
then be homozygous for the new genes 
which are common to the recovered par- 
ents. The hybrid would be expected, 
theoretically, to exhibit as much hybrid 
vigor as the original lines when crossed. 
Hence, when selfing occurs there would 
be less reduction in vigor because of the 
increased homozygosity of the hybrid. 
This method should result in holding at 
least some of the hybrid vigor which is 
unavoidably lost under the regular pro- 
gram of crossing following by selection. 

A New Variety the Result of Cross- 
ing.—Last year a new variety named 
Chief was introduced to a few growers 
for further increase. This variety was 
selected from a cross between Illini and 
a strain of Manchu. The pedigree system 
of handling F, and later generation plants 
was used in producing the new variety. 
Chief is not a hybrid soybean, but a 
variety which has been selected from a 
hybrid and which breeds true for its char- 
acters. It combines certain of the desir- 
able characters of both parents, but it has 
lost most of the hybrid vigor exhibited by 
the F,. With this as an example of apply- 
ing the method of hybridization to soy- 
bean improvement, it can be anticipated 
that further work applying the principles 
and methods above described will lead to 
still further improvement. 
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PAPERS IN ANTHROPOLOGY 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


The program at Evanston carried six papers and one panel discussion. 
Four papers are being published herewith. The titles and authors of the 
other two and the discussion were as follows: 


Wa .ker, Winstow M., St. Lowis Academy of Science, St. Louis, Mis- 
souri—Two Hopewellian Mounds Near Peoria, Illinois. (This is being 
published by the Illinois State Museum.) 


DeveEL, THORNE, Illinois State Museum, Springfield—Archaeological 
exploration sponsored by the Museum, 1940-41. 


The meeting was attended by a maximum of 26 people, and elected as 
chairman for the Urbana meeting in 1942 Donald E. Wray, 604 Caroline St., 
Peoria. 


(Signed) F. T. Barloga, Chairman 
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POSSIBLE APPLICATION OF KITE PHOTOGRAPHY TO 
ARCHAEOLOGY AND ETHNOLOGY 


WiLi1am R. Bascom 


Northwestern University, Evanston, Illinois 


The application of aerial photography 
to archaeology is no new discovery, but 
it has thus far been limited to larger 
sites such as those in the Near East, 
those of the Maya in Central America, 
and Zimbabwe in Africa. The fact that 
this technique has not been extended 
does not mean that it is not equally use- 
ful in the investigation of the less spec- 
tacular remains. In the case of village 
sites, cultivated fields, and even Indian 
mounds, indeed, the outlines as seen from 
the vertical axis are often the most inter- 
esting and important. The reason is rather 
that the expense of hiring an airplane 
and trained photographer or, alternative- 
ly, of owning and operating the bulky 
equipment for balloon photography is al- 
most prohibitive. It is quite possible, 
however, that aerial photographs may be 
made from kites with equipment costing 
only fifty or seventy-five dollars, which is 
well within the reach of the institutions 
engaged in archaeological investigations 
in the Midwest, and with the cost of 
operation limited to the price of film and 
development. If such photographs should 
prove satisfactory, there is no reason 
why aerial records—both before and 
during excavation—should not be made 
of every site. 

The applicability of kite photography 
is not limited to archeology; it may be of 
considerable importance to ethnology as 
well in providing an easy method of map- 
ping dwelling sites both among nomadic 
and settled village peoples, and in record- 
ing the layout of farms and garden plots. 
Aerial photographs have already been 
used in the latter instance in ethnological 
work in Africa, but kite photography 
would make it possible for each institu- 
tion to have equipment for aerial photo- 
graphs available for the ethnologists it 
sends into the field. 

In both archaeology and ethnology, fur- 
thermore, the kite has a considerable ad- 
vantage over the airplane in that it can 
operate at much lower altitudes. By 
mounting the camera at a considerable 


distance below the kite, it would be pos- 
sible to photograph from altitudes low 
enough to give great detail, and even to 
use the camera to cover ceremonial ac- 
tivities from the air. 

Nor is the idea of taking aerial photo- 
graphs from kites original either. I 
believe that it has a rather long history 
in connection with army observation 
work. My own acknowledgments, how- 
ever, must be made to W. Sellers of the 
Health Department of Nigeria, British 
West Africa, who described to me the 
type of equipment used by his depart- 
ment in connection with fever control. 
Mosquito breeding swamps are photo- 
graphed from kites before sprinkling 
them with chemicals. 

The camera employed is a light inex- 
pensive folding instrument to which are 
attached small dry-cell batteries and a 
solenoid which releases the shutter when 
the circuit is closed. Actually, since the 
distances involved are large, a fixed- 
focus camera of the box type would 
probably be satisfactory and would be 
better adapted to the mounting of the 
necessary accessories. The camera itself 
is mounted on the cord, some distance 
below the kite so that it can be rewound 
and reset after each exposure without 
having to ground the kite. The switch 
for the solenoid circuit is mounted on 
the cord somewhat below the camera in 
such a way that it can be closed by the 
pressure of a parachute which is carried 
up the sting by the wind in the way 
children send “messages” up to a flying 
kite. Provision is made so that the para- 
chute is disengaged after closing the cir- 
cuit, with the result that the circuit is 
then broken and the strength of the bat- 
teries is preserved. 

For this work, a folding box kite of the 
type which can be launched easily in 
very little wind should be employed. If 
a small kite of this type is not sufficient 
to carry the camera equipment, it could 
be used to aid in launching a larger kite 
designed to carry most of the burden. 
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Aside from the advisability of experi- 
menting with different types of kites, 
there are two main problems to be solved. 
First, will a simple suspension of the 
camera be stable enough in the wind, or 
can another type of mounting be devised 
so that clear photographs can be ob- 
tained? This problem could be partially 
solved by using a more expensive camera 
with a high speed shutter. Second, how 
may the camera be accurately aimed at 
a desired objective? This will have to be 
done by flying the kite from a position 
from which the wind will carry it over 
the site to be photographed, and perhaps 
considerable experience will be necessary 


before this can be done successfully. 

It was my original intention to pre- 
sent this paper only after these problems 
had been solved, and to illustrate it with 
examples of kite photographs of Indian 
mounds. But since academic obligations 
have already postponed this project for 
three years, I have decided rather to 
throw the idea open at these meetings 
and to call for cooperation on it. I am 
still hoping, however, to do some experi- 
mentation in the near future. The fact 
that kite photography has proved practi- 
cable in Nigeria and elsewhere gives 
me confidence that these problems can be 
solved. 





THE CHICAGO PORTAGE 


JoHN B. RUYLE 


Champaign, Illinois 


In the spring of 1609 near the present 
town of Ticonderoga, New York, Samuel 
des Champlain and his allies the Hurons 
and Algonquin Indians engaged in battle 
with a group of Iroquois warriors. This 
battle, the reverberations of which, .espe- 
cially in the Mississippi Valley, were to 
be felt for decades, changed the course of 
history. 

Champlain with his arquebus was the 
deciding factor in the battle. It was the 
first experience of the Iroquois with Eu- 
ropean firearms and the Indians fled in 
disorder. As a result of this defeat, how- 
ever, they became implacable foes of the 
French at every opportunity. Maps of 
the early seventeenth century show the 
English along the eastern seaboard, the 
Spanish in Florida and on the western 
coast, and the French occupying territory 
extending in a line from the Great Lakes 
eastward along the St. Lawrence. 

Due to the geographical location of the 
French possessions, and the extent of the 
country controlled by the Iroquois, who 
were fierce fighters, the French could 
travel from the Mississippi Valley north- 
ward only by the Lake Superior and Lake 
Michigan routes. -Hence the French 
often used the Chicago Portage whose 
history came to be closely associated with 
the exploits of two gallant men, Pere 
Marquette and Rene Robert LaSalle. 

In May, 1673, Louis Joliet, the son of 


a Quebec wagon maker, and Pere Jacques 
Marquette, a Jesuit priest, left St. Ignace, 
in what is now Michigan, to explore for 
Frontenac, the Governor of New France, 
and to claim new lands for Louis XIV. 
They followed the west side of Lake 
Michigan southward, entered Green Bay, 
ultimately reaching the Mississippi River. 
Marquette named this river “Immaculate 
Conception,” a name later to be changed 
to “The Colbert” in honor of a French 
minister. The explorers continued south 
on the Mississippi to the mouth of the 
Arkansas River; then, fearing to proceed 
farther lest they be seized by Spaniards, 
they retraced their route as far north as 
the mouth of the Illinois River, where 
upon the advice of friendly Indians, they 
headed up this tributary, as far as Kas- 
kaskia, the Indian’s principal town lo 
cated near the present town of Utica. 
After a brief visit here with members of 
the Illini Confederacy, they returned 
home after entering Lake Michigan by 
way of the Chicago Portage. The next 
year (1674) Marquette, in company with 
two other Frenchmen and ten canoes of 
Illinois and Pottawatomie Indians landed 
at Grosse Point (near what is now Evan- 
ston), followed the shore line south to 
the mouth of the Chicago River, where 
Marquette became ill, and was detained 
at the Chicago Portage from December 
till March 30th. On the return trip to 
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Green Bay, he crossed the Kankakee-St. 
Joseph Portage but never reached his 
destination. He died en route and his 
body was interred at the mouth of a 
small river near Ludington, Michigan. 

At this time, the fur trade was the 
most important commercial activity of 
the new country, and LaSalle dreamed of 
a chain of forts that could be erected on 
the principal rivers to control this trade. 
With this object in view, he hurried to 
France, succeeded in obtaining a knight- 
hood there and returned with power to 
colonize the vast unknown empire in 
America. The first efforts in accomplish- 
ing this were the erection of two forts on 
the [llinois River: Fort Crévecoeur 
across from the present town of Peoria, 
and Fort St. Louis at what is now named 
“Starved Rock”. He made three trips 
across the Chicago Portage, and, contrary 
to the belief of Joliet, felt that a canal 
connecting the Des Plaines and Chicago 
Rivers would not be a success. All of his 
expeditions, however, were attended with 
ill luck and finally, due to a miscalcula- 
tion of longitude, he @ailed in his quest 
for the mouth of the Mississippi. He was 
assassinated on the Trinity River in 
Texas, but seven of his followers returned 
to France, again passing over the Chicago 
Portage. 

From 1700 to 1795, the portage was 
virtually closed to white men due to the 
danger of attack by Indians. Then, gradu- 
ally, travel increased and, from the es- 
tablishment of Fort Dearborn in 1803 
until its extinction in 1812, the portage 
was once more an important north-south 
avenue of travel. From the fall of the 
fort until the close of the Blackhawk 
War of 1832, the route was little used 
but after the conclusion of hostilities im- 
migrants from the east began to utilize 
the Portage. This traffic continued until 
the completion of a canal in 1848 afforded 


an easier route, and the Chicago Portage 
was abandoned. 

Glacial Lake Chicago which occupied 
the present site of Chicago had three 
stages. In the first, the Glenwood, the 
water was 55 feet higher, and in the Tol- 
leston (the last stage) 20 feet above the 
present water level. The Des Plaines 
River extended then only to Riverside, 
flowing directly into Glacial Lake Chi- 
cago. The outlet of this lake was down 
the present Des Plaines Valley. When 
the water receded and a barrier develop- 
ed near what is now Kedzie Avenue, the 
Des Plaines reversed its direction and 
flowed through old Glacial Lake Outlet, 
leaving a slough a few miles in length 
between the Des Plaines and Chicago 
rivers, called Mud Lake. This connected 
with the Des Plaines by a small stream 
called Portage Creek. Travellers coming 
north up the Illinois descended the Des 
Plaines to Portage Creek, followed this a 
mile and a half to Mud Lake which was 
five miles long and one or two miles wide, 
then skirted its shore for three-quarters 
of a mile to the Chicago River, which, in 
turn, lead them into Lake Michigan. At 
the western extremity of Mud Lake was 
a small island, one mile in length and 
half a mile wide which divided it into 
two channels. The northern channel, the 
shallower and straighter of the two, was 
generally used except in dry weather 
when the deeper, less direct southern 
channel was followed. On “Tolleston” 
Beach which fringed the lake on the 
northern, western and southern sides, 
ran four Indian trails. The Green Bay 
trail followed the northern shore, and 
intercepted two western traces, one of 
which led to Fullersburg, Downers Grove 
and Naperville, and the other, south- 
westerly down the Des Plaines Valley. 
Along the south side was the Eastern 
trail which extended eastward and south. 
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CULTURAL OBJECTS OF CLEAR LAKE VILLAGE SITE 


E. SCHOENBECK 


Peoria Academy of Science, Peoria, Illinois 


Clear Lake village site, excavated by 
the university of Chicago in 1932 and 
reported by Drs. Cole and Deuel', has 
been further excavated by A. Simpson 
and G. and E. Schoenbeck, members of 
the Peoria Academy of Science. Collec- 
tions have been considerable, mostly from 
3- to 7-foot depths. Findings suggest oc- 
cupation over a length of time by Wood- 
land peoples of changing culture as seems 
indicated by representative material of 
five cultural divisions: Red Ocher, 
Black Sand, Central Basin, Hopewell, and 
Maples Mills. Cultural continuity might 
be suggested. The finds support a classi- 
fication of the Hopewell as an elemental 
variant, lacking in some of the higher, 
specialized traits. 


PuaTe I.—Cuear LAKE VILLAGE CULTURAL OBJECTS. 1. 
weighter. 3. Y-shaped baked-clay object, purpose problematical. 4. Shale pendant. 5. Bone 


pendant or gorget. 6 and 7. Two portions clay pipes. 


Most numerous of the cultural objects 
unearthed are pottery sherds, which in- 
clude over 1100 rims, all Woodland, Hope- 
wellian, or grit-tempered wares. Vessel 
fragments sufficient for projection may 
number 30 or more, and include Cole and 
Deuel’s types 2, 2a, 3, 3a and 5, as well 
as a 2\%4-inch miniature. Finer Hopewell 
pottery discovered at the site shows 
similarities with Wisconsin Trempea- 
leau and Louisiana types. Inferior 
variations of the delicate cross-hatched 
rim and simulated effects in heavier ware 
o cur. Resemblances between types 1 and 
2a and southern wares are suggested. 
Type 3a is most abundant and occurs 
throughout. Additional specimens, in 
part Hopewellian, are reported, including 





Shell crescent. 2. Grooved net 


8. Broken shell spoon, hinge removed 


and edge notched. 9. Bear canine. 10. Bear canine, split and perforated. 11. Elk eye tooth. 


12. Elk incisor, grooved for suspension. 13. 
purpose problematical. 18, Copper pin. 


Bead of cut, hollowed bone. 14. Marine snail- 
shell bead. 15. River snailshell bead. 16. Cut animal jaw. 


17. Shaped, notched bone object, 


1Qole, F. C., and Deuel, Thorne, Rediscovering Illinois, University of Ohicago Press, 1937. 
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a thickened-lip, red-painted ware and a 
concentric trail type. 

Bone objects, well preserved, include 
111 awls, 23 2-pointed implements of split 
cannon bone of deer, beamer, bodkin, 
spatula, 2 types of beads, game bones, a 
pendant, a chisel-ended tool, a beveled-end 
tool, and others. Worked horn items are: 
a socketed handle and tips, cut, hollowed 
or grooved. Other animal remains are 
an elk eye tooth, elk incisors, bear 
canines, cut animal jaws, sheepshead 
otoliths, a turtle carapace bowl, fish 
spines (some polished from use), and 
drumfish toothplates. Refuse bones are 
abundant. Burials include 2 children, 1 
dog, and a bundle burial. 

Shell items are: hoes, spoons, marine 
and river snailshell beads, a crescent, a 
cache of 400 snailshells, hundreds of 
opened clamshells, and others. 

Stone tools include 5 celts, grooved 
sharpening stones, a grooved net weigh- 
ter, anchor(?), sandstone knife,1 pendant 


and fragments, rubbing-, hammer-, pitted- 
and peckingstones. Limonite tools are: 
2 spades, celt, knife, and fragments. 


Flint articles found at the Clear Lake 
site consist of 42 points, mostly notched; 
12 knives (flake, spawl, triangular, and 
asymmetric); 53 scrapers (end, spawl 
and flake); drill fragments, and sphe- 
roidal nodules. 


Vegetable material is comprised of a 
carbonized corncob fragment, carbonized 
hickorynuts and acorn kernels, with some 
charcoal and ash. 


Other items are: bits of muscovite, a 
copper pin, portions of clay pipes, Y- 
shaped baked-clay object of problematical 
character, volcanic tuff, red ocher, and 
broken slabs of saucer-shaped ground- 
basins (?) made of a hardened clay and 
sand mixture, smoothed above and 
merged with sand below; occasional ac- 
cumulations of stones, one containing 
more than 50 stones. 





MIDDLE MISSISSIPPIAN GRIT TEMPERED WARE 


DonaLp E. Wray 


Peoria, 


I wish to draw attention to a peculiar 
type of pottery which occurs in certain 
Middle Mississippian sites in central and 
southern Illinois. This type differs from 
the ordinary Mississippi ware in a num- 
ber of significant traits. The vessels are 
grit tempered, intensely fired and have 
rough undecorated or cord marked sur- 
faces. They occur in the forms of shal- 
low conical vases with two straight legs 
at the base, elongated cylinders and ped- 
estal or boot shapes with flaring lips, 
mushroom bases and with narrow in- 
teriors and heavy walls. These vessels 
are quite rare but seem to have a wide 
distribution. The conical form is known 
to the writer by two specimens from the 
Kingston Lake site and one from the 
Crable site. The cylinder is represented 
at Kingston by the sherds of two vessels. 
The pedestal has been described by Tit- 
terington in his monograph on the Ca- 
hokia site. 

The conical vessel from Kingston Lake 
is 6% inches in diameter, 3% inches tall 
and has walls % of an inch thick. It is 
brick red and apparently cracked and 


Illinois 


sagged before baking. The temper is of 
about medium coarseness compared to 
other grit tempered pottery in this area. 
Since the vessel has only two projections 
or legs it can not be stood up by itself. 
(Fig. A.) This type is not to be confused 
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Puate I.—DIAGRAM OF UNUSUAL MIDDLE 
MISSISSIPPIAN GRIT TEMPERED WARE. 
Conical vessel from Kingston Lake. B. 
Cylinder from Kingston Lake. C. “Boot” 


from Cahokia site, vertical perforation, after 
Titterington. D. ‘“Boot’’ from Cahokia site, 
transverse perforation, after Titterington. 
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with the three-or four-legged pots which 
are fairly common in the Middle Missis- 
sippi culture and have shell tempering 
and generally are polished or smoke fin- 
ished. The cylinder from Kingston, as 
projected from the sherds, is seven inches 
in diameter and at least 14 inches in 
length, (fig. B). The rim is square in 
cross section but no trace of the base is 
present. The surface has been carelessly 
finished and tempering is either absent 
or very fine grit. 

Titterington has described the boot or 
“pedestal” in his monograph on the Ca- 
hokia Mound Group. Thirteen fragment- 
ary pieces are known from the Cahokia 
site, all a well fired crumbly ware, with 
coarse grit temper. Seven show coarse 
cord marking, and two a rather fine cord 
marking. There are two types, both with 
a flaring top and two foot-like projections 
placed almost at right angles to each 
other so that about three-fourths of the 
base is roughly circular. Both types 
have a deep inverted conical cavity, the 
base of the cone being at the top and the 
apex extending one-half to two-thirds of 
the way down through the object. The 
difference in the types is in a hole in the 
base of the pieces. In the first type the 
hole is an extension of the conical cavity 
downward to emerge on the bottom of 
the object (fig. C). In the second type 
the hole goes through the base horizon- 
tally and has no connection with the 
cavity above (fig. D). This specimen is 
five and one-fourth inches high, and the 
rim diameter is three and three-fourths 
inches. The rim varies from five-eighths 
to three-fourths of an inch in thickness, 
and the hole is three-eighths of an inch 
in diameter. 

In a letter Titterington adds that simi- 
lar vessels were described in an old jour- 
nal of a society in Kansas City. He says 
that all the specimens that he has found 
have been on village sites where a very 
high percentage of all other materials 
was Mississippian rather than Woodland. 
However he is not certain that the boots 
should be called Mississippian. 





Griffin also hesitates about assigning 
this type to the Mississippian because of 
the presence of cord wrapped paddling on 
the boots and the fact that the type has 
not been found on many of the sites re- 
lated to Cahokia. He is also not con- 
vinced that the pottery from Kingston 
Lake and Crable is the same as Titter- 
ington’s boots from Cahokia. - I feel, how- 
ever, that the basic pattern of the boots 
and the Kingston conical vessel is the 
same. Both have a conical interior or 
cup with two projections or legs at the 
base. The Kingston form might very 
well be a simplification of the Cahokia 
type. 

The case for these objects may be sum- 
marized as follows: They are products 
of the Middle Mississippi culture because 
they are found only on Middle Mississippi 
sites and their form and decoration bear 
no resemblance to the pottery of other 
cultures so that they can not be explained 
as intrusions from a Woodland group; 
in tempering, shape, surface treatment 
and firing they are widely differentiated 
from the typical utilitarian pottery of the 
Middle Mississippi; their occurrence is 
too rare for them to have had any com- 
mon function (it has been suggested that 
the cone might have been a cover for a 
pot); the unusual quality of the pottery 
argues against anycommon use; the care- 
less execution of the vessels indicates that 
they were not intended for continuous 
use but for a temporary or occasional use. 
It is unlikely that it represents funerary 
pottery since all recorded specimens have 
come from village deposits and not from 
burials. All these considerations would 
seem to indicate that this peculiar pot- 
tery type may represent a ceremonial 
ware of the Middle Mississippian culture. 
No such ware has yet been recognized 
but we might suspect its existence from 
the presence of the “Pyramid complex” 
which indicates an elaborate ritual life. 


LITERATURE 
Titterington, P. F.—‘‘For Identification’, American 


Antiquity Vol. 3, April, 1939, page 354. 
The Cahokia Mound and Village Site, p. 13. 
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PAPERS IN BOTANY 
Extract From THE REporRT OF THE SECTION CHAIRMAN 


The Botany Section carried 25 papers, 20 of which are herewith pub- 
lished. The others were: 


Kina, LAWRENCE J., University of Chicago, Chicago—Preliminary studies 
of the effects of growth substances and light intensities on Anacharis 
densa. 


OumstTED, CHARLEs E., University of Chicago, Chicago—Some aspects of 
plant interrelationships in an oak-maple forest. 


Romie, JoHN R. and F. Lyne Wynp, University of Illinois, Urbana—The 
effect of nitrogenous fertilizer on the vitamin C content of cereal grass 
leaves. 


Scutiy, Norsert J., University of Chicago, Chicago—Preliminary in- 
vestigation of root distribution in an oak-maple forest. 


Voru, Pau D., University of Chicago, Chicago—Growing Marchantia 
polymorpha on glass cloth with controlled inorganic nutrients. 


The chairman was re-elected for the Urbana meeting in 1942. 


(Signed) Paul D. Voth, Chairman 
Dept. of Botany, University of Chicago 
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SEED FORMATION, GERMINATION, AND POST-GERMINA- 
TION DEVELOPMENT IN CERTAIN CICHORIEAE 


WILLIAM Epwarp Rep Hopper 


East Alton—Wood River Community High School, Wood River, Illinois 
ABSTRACT 


Part Il. Fruit Development—Partheno- 
genesis. Hundreds of flower heads of 
Taraxacum officinale Weber, Chichorium 
intybus L. and Lactuca ludoviciana 
(Nutt.) Riddell were castrated by means 
of a razor blade so as to remove the 
anthers and stigmas. Castrations were 
made between 6 and 7 A. M. before the 
one-day flowers opened. Removing 
stamens and stigmas of Chichorium in- 
tybus with the fingers was the best 
method of castration. 


Seeds of castrated and normal flowers 
were germinated at 26.66°-32.22°C. and 
9°C. At 9°C. 25% of the Tararacum 
seeds germinated while 45% germinated 
at room temperature. Seeds of castrated 
Chichorium intybus and Lactuca ludo- 
viciana did not germinate at room tem- 
perature but normal fertile seeds gave 
from 4-18% and 16-56% germination re- 
spectively. 


Conclusions :—1. The results of Stork, 
Raunkiear, Sears, Ikeno, Osawa, and 
others in producing parthenogenesis in 
Taraxacum hes been confirmed. Partheno- 
genesis is the normal manner of seed 
development in many species of Taraza- 
cum. 2. Parthenogensis apparently does 
not exist in Lactuca ludoviciana or 
Chichorium intybus. : 


Part Il. Seed Germination.—It has 
been found by a number of investigators 
that the seeds of different species of cul- 
tivated lettuce are affected in different 
ways by light, oxygen, moisture, temper- 
ature, and chemical factors before and 
during germination. It was the object of 
these experiments to determine the fac- 
tors influencing seed germination and 
dormancy in Lactuca scariola L. and Lac- 
tuca ludoviciana (Nutt.) Riddell seeds. 
Seeds of various ages were treated by 
germinating at various temperatures, 
germinating under different moisture 
conditions, exposing to artificial light and 
sunlight, mutilating seeds. and soaking 


in chemical solutions. Treated seeds 
were placed on clay germination blocks 
made for this purpose by the Ceramics 
Department of the University of Illinois 
or between filter paper in Petri dishes. 
Air-dry seeds used in these experiments 
were 12 months, 10 months, 8 months, 
and 2 to 24 days old. Controls were 
used for seeds germinated at tempera- 
tures of 7°-8°C., 8°-20°C., 23°-25°C., 26°- 
30°C., and 36°-50.5°C. Eight months-old 
seeds of L. ludoviciana in water and air- 
dry were placed at -7°C. for 2, 544, 8, and 
24 hours. They were germinated at 15°- 
24°C. The same age seeds were soaked 
in the dark for 5, 22, 48, and 77 hours at 
3°-7°C. then germinated at 18°-24.5°C. 
The same age seed were soaked in the 
dark for 5, 15, 24, and 30 hours at tem- 
peratures of 8°-23°C., 15°-20.5°C., 18°- 
22°C., and 42°-51.5°C. then germinated at 
18°-24.5°C. The longer the seeds were 
soaked at -7°C. the lower the percentage 
of germination. The longer the seeds 
were soaked at 3°-7°C. the higher the 
percentage of germination, increasing 
from 30%-65% for the 5 and 77 hours 
soaked. Seeds soaked at 8°-23°C. and 
germinated at 18°-24.5°C. averaged 66% 
for all hours soaked. Eight month old 
seeds of L. scariola were soaked 24 hours 
at 8°-20°C., 15°-22°C., 23°-24.5°C., and 
40.5°-48°C. then germinated at the same 
temperature. With the exception of those 
germinating at 15°-22°C. all were exposed 
to diffused light during soaking and ger- 
mination. The same age seeds were 
placed in an oven at a temperature of 
36°-50.5°C. for 1, 2, 3, and 5 days, then 
germinated at 15°-22°C. The percentage 
of germination was inversely propor- 
tional to the temperature. Both dry and 
soaked seeds germinated 70% at the low- 
est temperature. 

Exposure to sunlight for five minutes 
increased the percentage of germination 
of 24 day old L. ludoviciana seeds that 
had been soaked 2 hours. 
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Eight months-old seeds of both species 
of wild lettuce were exposed in water and 
dry to a 75 watt Mazda bulb at a distance 
of 3 feet for 5, 10, 20, 40, and 60 minutes. 
An aluminum reflector was used above 
the bulb and an electric fan was directed 
upward on the bulb to dispense with as 
much heat as possible. The seeds were 
placed on clay blocks for germination 
at a temperature of 24°-32°C. The in- 
crease in exposure to light did not seem 
to increase the percentage of germination 
but germination was increased from 
0-30% for L. ludoviciana seeds in water. 
L. scariola were not definitely affected 
by this treatment. 

Ten month-old seeds of L. scariola 
were soaked for 1, 2, 3, 4, 5, and 6 hours. 
Forty seeds were placed on a clay block 
in the germinator each hour and half of 
these were covered with a strip of filter 
paper dipping into the water. The germ- 
ination temperature was 23°-25°C. The 
same age seeds were soaked 3, 6, 9, and 
18 hours, then germinated at the same 
temperature. It is evident that the seeds 
imbibe enough water for germination 
within an hour and additional soaking 
decreases the percentage of germination 
from 7-3% over a period of 6 hours. 

Thirteen day-old, 10 month-old and 12 
month-old seeds were soaked a half hour 
and the rounded ends cut off. After 12 
hours the seed coats were removed from 
other seeds and all were placed on sand 
depths of 2, 3, 4, and 4% inches in an 
apparatus designed by Prof. C, F. Hottes 
for maintaining a constant amount of 
water in each depth of sand. The per- 
centage of water varied from 7.85-14.05 
and was inversely proportional to the 
depth of sand as was the percentage of 
germination. On two-inch sand _ sub- 
stratum 85% of the seeds with rounded 
ends cut off germinated while 35% of the 
seeds with testas removed germinated. 

A hundred 10 month-old air-dry seeds 
of L. scariola were placed on a clay block 
at 23°-25°C. for germination. Only 3% 
germinated in 13 days. The seed coats 
of 20 of these seeds were removed at the 
end of 13 days and returned to the clay 
block. At the end of 29 days the seed 
coats of 20 more seeds were removed and 
returned to the clay block. None of the 
remaining seeds germinated but 80% of 
the naked embryos germinated. Fresh 
seeds of L. scariola were placed on a clay 
block at 23°-25°C. The seed coats of 20 


seeds were removed on the 2nd, 4th, 7th, 
and 9th days. The same treatment was 
given 12 month-old seeds of L. scariola 
and L. ludoviciana. 90% of the 12 month- 
old L. scariola seeds germinated when 
the testas were removed at the end of 2 
days on a clay block but only 50% ger- 
minated when the testas were removed 
on the 7th day. Only 5% of the control 
germinated in the two species. Fresh 
L. scariola seeds were soaked in water 
for 4, 6, 8, 10, 12, 14, 16, 18, and 20 hours. 
40 seeds were removed at the end of each 
period. Testas were removed from 20 
seeds and all were placed at 23°-25°C. 
Seeds imbibed enough water for maxi- 
mum germination, 30%, after soaking 4 
hours and removing testas. An after- 
ripening period seems necessary before 
complete germination occurs. The aver- 
age for the controls of this age seed was 
11.6%. The rounded ends of 8 month-old 
air-dry seeds of both species were cut off 
and placed on a clay block at 15°-24°C. 
30% of the L. scariola germinated while 
10 month-old seeds treated in the same 
manner gave a 95% germination at 23°- 
25°C. 45% of the L. ludoviciana germin- 
ated as compared with 5% for 10 month. 
old seeds at the same temperature. Fif- 
teen day-old seeds of L. scariola germi- 
nated 5% and L. ludoviciana 2% at 23°- 
25°C. after the ends were cut off. It is 
evident that 10 month-old L. scariola 
seeds are not dormant but that the testas 
inhibit germination. It is evident that 
the 15 day-old seeds are dormant. 

Ten month-old seeds of L. scariola were 
soaked from 91-18 hours in solutions of 
Hormodin varying from .25cc. of Hor- 
modin per 100 cc. of water to .046875 cc. 
per 100 cc. of water. They were germi- 
nated at 23°-25°C. on clay blocks. Seeds 
soaked for 914 hours in .09375 cc. of Hor- 
modin per 100 cc. of water gave the high- 
est percentage of germination, 25%. In 
general the percentage of germination 
was inversely proportional to the hours 
soaked. Fourteen tests resulted in no 
germination in 18 days. 

Five month-old seeds of L. scariola 
and 7 month-old seeds of L. ludoviciana 
were shaken in a vial with Rootone then 
placed on a clay block at 19.5°C. The 
average germination for L. scariola was 
11% while the controls averaged 22%. 
Treated seeds of L. ludoviciana gave a 
10% germination while the control 
showed a 5% germination. Hormodin 
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and Rootone decrease germination of wild 
lettuce seed rather than increasing it as 
some investigators have found for vari- 
ous seeds. 


Conclusions—1. Freshly harvested 
seeds of Lactuca scariola are dormant. 
The removal of seed coats does not alter 
their dormancy. The embryos evidently 
must experience a period of after-ripen- 
ing before they can germinate. 2. The 
embryos of L. scariola seeds lose their 
dormancy within 8 to 12 months after the 
seeds are produced and are then capable 
of germination. 3. Eight month-old L. 
scariola seeds give a higher percentage 
of germination than older or freshly har- 
vested seeds at the same temperature. 
4. Prechilling at 3°-10°C. causes an in- 
crease in the rate and percentage of ger- 
mination of L. ludoviciana and L. scari- 
ola seeds at higher temperatures, 20°- 
30°C. Freezing temperatures caused a 
decrease in the percentage of germina- 
tion of L. ludoviciana seeds. 5. Temper- 
atures between 10°-20°C. are more favor- 
able for germination of air-dry L. scari- 
ola and L. ludoviciana seeds of various 
ages. 6. Probably moist fresh L. ludo- 
viciana seeds are affected more by ex- 
posure to light than older seeds. 7. Moist 
and dry seeds of L. scariola are evidently 
not influenced by exposure to light. 8. The 
growth promoting substances, Hormodin 
and Rootone, did not show evidence of 
increasing the rate or percentage of ger- 
mination of seeds of L. ludoviciana and 
L. scariola. 

Part Ill. Photoperiodism.—On Febru- 
ary 25, seeds of L. scariola with the ends 
opposite the radicle cut off were placed in 
each of 12 pots of earth. Four of these 
pots were placed on a clinostat under 
electric lights of 3000 watts, providing 
continuous light. The second group of 
four pots were allowed only 7 hours of 
daylight. The other four pots were used 





as a control under the same conditions 
but allowed normal daylight. The tem- 
perature averaged 20°C. during the win- 
ter and never went above 35°C. during 
the spring and summer. 

Two months after the seeds were plant- 
ed the continuous-light plants ranged in 
height from 8-26% inches and had 4-10 
well developed leaves. Short-day plants 
did not have stems but merely a rosette 
of leaves that varied from 1%-3 inches 
in length. The normal-day plants had 
larger rosettes with leaves 314-5 inches 
long but no stems. All of the short-day 
plants died within 44% months. The con- 
tinuous-light plants grew to a height of 
34-50 inches, flowering 3 months after 
planting, with seeds maturing 15 days 
later. Normal-day plants ranged from 
8-20 inches in height in 5 months, with 
flowers 10 days later and seeds matured 
in 15 days. The internodes of the con- 
tinuous-light plents averaged 2% inches 
while those of the normal-day plants av- 
eraged % inch in length. The continu- 
ous-light plants did not form a rosette ‘as 
was the case in short and normal-day 
plants. 

Conclusions:—1. Lactuca scariola ma- 
tures and produces seeds in a shorter 
time under continuous light than under 
normal daylight in a greenhouse. 2. Un- 
der normal light L. scariola remains in a 
vegetative condition longer than under 
continuous light. 3. L. scariola is a 
long-day plant. 
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GERMINATION AND SEEDLING GROWTH-FORM OF TWO 
HUNDRED WEEDS 


ANNA P »usSEN KUMMER 


University of Chicago and Waller High School, Chicago 


The selection of plants in this study 
is based wholly upon the 683 dicotyledon- 
ous herbaceous weeds listed by the follow- 
ing authors: Georgia’, Muenscher*, Clark 
and Fletcher’, Runnels and Schaffner® 
Beal’, and Pammel’. Seeds of 233 species 
were gathered in the field to insure their 
freshness and maturity. 

Seeds were planted in flats out-of-doors 
during the winter. Replants were made 
in summer either after the seeds had 
had a week of refrigeration or with no 
previous treatment. Of the 233 species 
planted, the following 11 failed to ger- 
minate: Teucrium canadense, Ellisia 
Nyctelea, Heracleum lanatum, Prenanthes 
racemosa, Stachys sp., Triosteum sp., 
Eupatorium purpureum, and Solidago 
graminifolia. Lithospermum canescens 
failed to sprout even after refrigeration 
and treatment with concentrated acid. 
Germination percentage in Convolvulus 
sepium was negligible. Galium asprellum 
and G. aparine repeatedly failed of ger- 
mination in winter plantings although a 
late summer planting of the latter (after 
a week of refrigeration) sprouted. 

Two species of the genus Urtica ger- 
minated feebly and the seedlings were so 
delicate that, although tended carefully, 
the tops were only 1.5 centimeters high 
in September. Salsola Kali var. tenui- 
folia, Mollugo verticillata, and Portulaca 
oleracea germinate tardily. 

There is apparently no one seedling 
character that distinguishes an entire 
family; in fact, there is often lack of 
constancy within a genus. However, in 
8 genera of Labiates investigated, all 
cotyledonary leaves have narrow basal 
lobes directed toward the petiole. The 
characteristic obreniform cotyledons of 
the genus Brassica are not duplicated 
in 10 other genera of Crucifers. Of the 
Legumes studied only Vicia and Lathyrus 
have hypogeal cotyledons. 

The petiolar portions of the cotyledons 
of many seedlings are connate to a de- 
gree that results in a structure that 
ranges from a shallow rim to a 2.5 centi- 


meter tube. This character may be prev- 
alent in a family or genus but not con- 
stant. Twelve out of thirteen species of 
Polygonaceae have this feature. It is 
scattered through various families having 
its greatest frequency and size in the 
Tribe Heliantheae of the Compositae. 

Commonly the cotyledons wither and 
cling to the seedling until its growth 
dislodges them. In some species abscis- 
sion is sharply defined. In five Solanace- 
ous species the cotyledons absciss leaving 
a neat, somewhat elevated semilunar 
scar. In 11 species of Legumes with 
epigeal cotyledons, only Amorpha and 
Melilotus abscissed with a clean-cut scar. 
Or the blade may absciss leaving a per- 
sistent petiolar stub. Of the seven species 
with this characteristic, 3 were in the 
Figwort family. 

The above ground cotyledons of Lu- 
pinus, Amorpha, Tephrosia, Desmodium, 
and Galium maintain their fleshy condi- 
tion and become foliaceous. Gaura parvi- 
flora has a large and fleshy peg in ger- 
mination. Doubtlessly this structure is 
present in at least one other related 
species but has been overlooked. 

Leaf folding in vernation may be loose 
and indefinite. In the Polygonaceae the 
halves of the leaf are tightly revolute, 
the two rolls in close apposition on the 
abaxial face of the leaf. Leaves of Soli- 
dago, Aster, and Silphium are strongly 
convolute in vernation. When the juve- 
nile leaves are simple or lobed as pre- 
cursors of the mature divided or com- 
pound leaves, the earliest leaves antici- 
pate the later ones in their habits of 
folding. The principal veins are most 
distant from the axis, the intervening 
parenchyma, lobe, or leaflet edges proxi- 
mal to the axial line. 

The seedling leaves presage the nature 
of the adult leaves. In Trifolium, Meli- 
lotus, and Medicago the first leaf is uni- 
foliate, the succeeding leaves trifoliate. 
In Amorpha, Tephrosia, and Desmodium 
at least the first five leaves are unifoliate. 
In these Legumes the unifoliate leaf blade 








74 Illinois State Academy of Science Transactions 


is articulated upon the petiole. The first 
leaf of Oxalis has three leaflets. In ten 
Ranunculaceous and Rosaceous species of 
five genera the first leaves are crenate or 
scarcely lobed. In succession the pro- 
gressively deepening divisions lead to 
the adult form. In three genera of Um- 
bellifers the first leaf is compound, in 
three others merely lobed or parted. 
There is a common pattern of develop- 
ment in Achillea, 3 species of Anthemis, 
Matricaria, and two species of Artemisia 
that progresses from tridentate to pin- 
nately divided leaves. 

Seedling leaves are often interpreted 
as paired when later leaves are alternate. 
In five genera cf Cruciferae there are 
species in which the first and second 
internodes are so shortened as to appear 
non-existent. In five genera of Chenopo- 
diaceae the second, fourth, and sixth in- 
ternodes are more or less obsolete. The 
resulting two members of such a “pair” 
of leaves are not connected by a nodal 
line or rim and ridges or striations of the 
stem are continuous between the leaf in- 
sertions. By the same criterion, the 
lower leaves of Portulaca, Polanisia, 
Desmodium, Xanthium, and some species 
of Helianthus are not paired. In three 
species of the genus Euphorbia the lower 
pairs of leaves are united by nodal rims 
although later leaves are alternate. The 
first two leaves of Matricaria suaveolans 
diverge from a common node and the 
petioles are connate for an appreciable 
distance. All later leaves are alternate. 

The seedling growth-habit may be ex- 
pected to foreshadow the adult form. 
The lifeform of a caulescent plant with 
a basal rosette of leaves is often deter- 
mined independently of environmental 
conditions as in Verbascum, Ranunculus, 
and the Umbelliferae in general. Veron- 


ica peregrina, Lappula echinata, Lactuca 
scariola, silene antirrhina, and S. nocti- 
flora are rosette-form in late summer 
germinations and caulescent in spring. 
This plasticity in growth-form is excelled 
by certain Cruciferae. Thlaspi arvense 
and two species of Lepidium germinating 
in spring manifest reduced or lengthened 
internodes depending upon whether or 
not they are growing in competition. 

If the tap-root of the mature plant is 
not dominant, its dwindling significance 
may be observed in the seedling. Of the 
19 rosette-form seedlings in which ad- 
ventitious roots emerge from the stem 
and soon outstrip the tap-root, 17 were 
plants of damp habitats. In contrast, 
Galium Aparine with a vigorous four- 
centimeter tap-root at the time of the 
appearance of the cotyledons, has a frail 
and tenuous root at maturity. 

Contraction of the hypocotyl is usual 
in rosette plants with strong tap-roots. 
Similar telescoping takes place in caules- 
cent Phytolacca decandra and Oxybaphus 
nyctagineus. 


SUMMARY 


The time and manner of germination 
of 222 species of weed seeds was observed. 
Another 11 species failed to germinate. 
Growth-forms of the developing seedlings 
were recorded. 
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RELATION OF THE EFFECTS OF SEED WEIGHT TO ROOTS 
AND TOPS OF TWO VARIETIES OF SOYBEANS 


STANLEY WILLIAM OEXEMANN 
University of Illinois, Urbana, Illinois 


A survey of the literature gives evi- 
dence that considerable work has been 
done on the relation of seed weight to 
various phases of vegetative and repro- 
ductive plant growth. Little or nothing, 
however, has been done concerning the 
effects of seed weight on the relation 
between tops and roots. Also the effects 
of variation in seed weights to dry weight 
of tops and dry weight of roots has not 
been studied in detail. 

The object of the present experiment 
was to investigate the relation between: 

1. Seed weight, and dry weight of 
tops and dry weight of roots when varia- 
tion in seed weight is small. 

2. Seed weight, and dry weight of 
tops and dry weights of roots when varia- 
tion in seed weight is greater. 

3. The dry weight of tops and the dry 
weight of roots of plants, when the plants 
are grown from seeds of different weight 
groups. 

Seeds of each of the two varieties of 
soybeans, Soja maz. Piper var. Biloxi and 
Mandarin, were separated into three 
groups designated by the letters A, B, 
and C. The seed coats were removed in 
all cases because they are not available 


TABLE 1.—WEIGHTS AND 


as a source of food for plant growth and 
play no part in photosynthetic activity. 
In the seeds designated by the letter A 
none .of the food storage tissue was re- 
moved; in those seeds designated by the 
letter B approximately half of one cotyle- 
don was severed; and in those seeds des- 
ignated by the letter C one whole cotyle- 
don was cut off. The seeds were then 
weighed accurately to one-tenth of a 
milligram. 

The seeds were planted in sterilized, 
well mixed loam soil in 4% inch pots. 
The pots containing the seeds were wa- 
tered daily with sterile tap water until 
the epicotyls had appeared above the sur- 
face of the soil, after which time they 
were watered with unsterilized tap water. 
Watering of all plants was controlled 
and equalized as far as possible. 

Fifty plants were used for each of the 
three sets, making one hundred fifty 
plants for each variety. The plants were 
taken down at the time the first flowers 
appeared; they were then cut at the col- 
lar and the tops and the root systems 
were individually reduced to oven dry 
weight and weighed to one-tenth of a 
milligram. 


CORRELATION COEFFICIENTS 














Biloxi Soybeans Mandarin Soybeans 
Av. Dry Wt. 
Grams 
A B Cc ABC A B Cc ABC 
‘Sane ht...| 0.2466) 0.1859) 0.1247) 0.1835) 0.1472} 0.1246) 0.0956) 0.1296 
ndar 
Deviations). .| +0.0262| +0.0211) +0.0185| +0.0546} +0.0127) +0.0108) +0.0100) +0.0259 
Top Weight....| 1.8901/ 2.0001] 1.5499} 1.7980) 0.7286) 0.5519) 0.3160) 0.5322 
Root Weight...} 0.1732} 0.1962) 0.1422) 0.1710} 0.1240} 0.0945) 0.0587| 0.0924 
Growth Period 
Days)...... 35 35 35 35 30 30 30 30 
Correlation 
Coefficients 
Seed Wt. with 
Dry Wt. of 
Oe ee 0.2466|—0 .0156|—0 .0676| 0.3337) 0.0687|—0.2482;—0.1186} 0.6578 
Seed Wt. with 
Dry Wt. of 
Se —0 .0757|—0 . 1686; 0.0401) 0.1287|—0.0301/—0.0013|—0.2950| 0.4709 
Dry Wt. of To 
with Dry Wt. 
of Roots..... 0.2583} 0.4732} 0.3125) 0.4879) 0.4157) 0.7713) 0.6944) 0.8082 
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Correlation coefficients were deter- 
mined from the formula: 
Sxy 
c= 








Vv (Sx?) (Sy’) 
in which C represents the correlation co- 
efficient, x the deviations of the seed 
weights from the average, and y the 
deviations of the plant (top and root) 
weights from the average. A coefficient 
between 0 and plus 1 indicates a positive 
correlation; a value between 0 and minus 
1 indicates a negative correlation. In 
this paper a negative correlation is in- 
dicated by a minus sign, a positive corre- 
lation by no sign. Table I gives the re- 
sults. 
The results of this experiment may be 
summarized as follows: 


1. There is generally a higher corre- 
lation value between seed weight and dry 


weight of tops than between seed weight 
and dry weight of roots. 

2. The value of the correlation co 
efficients between seed weight and the 
dry weight of tops or between seed 
weight and the dry weight of roots ap- 
pears to be greater with a larger varia- 
tion in weights among the seeds of a 
group. (Standard deviations from the 
mean seed weight and correlation co- 
efficients of groups ABC as compared to 
standard deviations and correlation co- 
efficients of groups A, B, and C. See 
table I). 

3. The correlation value between the 
dry weight of tops and the dry weight 
of roots is higher when the plants are 
grown from lighter weight seeds (C or 
B as compared to A). The highest corre- 
lation values, however, exist when the 
plants from groups A, B, and C are con- 
sidered as one group, i.e., group ABC. 





EFFECT OF LENGTH OF DAY AND TEMPERATURE ON 
THE OPENING OF BUDS OF DORMANT TWIGS 


JOHN SKOK 


University of Chicago, Chicago, Illinois 


There have been a number of theories 
advanced as to the causes of dormancy 
in perennial plants. It was at one time 
supposed that dormancy in winter and 
growth in spring and summer were regu- 
lated by an inherent rhythm in the plant, 
but it is now well established that the 
expression of this cycle is subject to 
environmental factors as well as to in- 
herited ones. Length of day (6, 9) has 
been found to be an important factor 
both in the initiation and in the break- 
ing of dormancy, in which cases a short 
photoperiod hastens the irlitiation of dor- 
mancy and a long photoperiod hastens 
the breaking of dormancy. In some cases 
(7) high temperatures are sufficient to 
break dormancy in woody species. Many 
woody plants will remain dormant long 
after favorable growing conditions have 
begun unless they have been subjected to 
a cold treatment during their dormant 
period (2, 5, 8). Several chemicals (as 
ethylene chlorhydrin, ethylene dichloride, 
chloroform, ether, ethyl bromide, and 
ethyl iodide) have been successfully em- 
ployed in breaking dormancy in advance 
of the usual time (1, 3, 4, 7, 8, 10). 

In these experiments a study was made 
of the effect of day-length and tempera- 
ture on the opening of buds of dormant 


woody stems. Uniform cuttings of Lilac, 
(Syringa hybrida); Red-Osier Dogwood, 
(Cornus stolonifera); Snowball, (Vibur- 
num opulus); and Hawthorn, (Crataegus 
sp.) were collected February 3 and 
brought into the greenhouse. They were 
placed in sand which was kept moist 
by adding tap water and were subjected 
to four different conditions of tempera- 
tures and length of daily illumination: 
(1) long-day, high temperature, (2) 
short-day, high temperature, (3) long- 
day, low temperature, and (4) short-day, 
low temperature. The short-day period 
was that of the normal day length of 
February which was about 8% hours. 
The long-day plants received 16 hours of 
daily illumination. They were given ad- 
ditional light by means of 2000 watt 
electric flood-lamps. The high tempera- 
ture plants were placed in rooms regu- 
lated at about 21° C and the low temper- 
ature rooms were regulated at about 10° 
C. The temperatures varied somewhat 
depending on the amount of sunshine, but 
not more than about 3° C. Daily ob- 
servations were made and the data on 
the opening of the buds and the unfolding 
and growth of the leaves are given in 
Table 1. 
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Both day-length and temperature had 
an effect in breaking dormancy and on 
growth of cuttings of Lilac, Dogwood 
and Snowball. Hawthorn responded only 
to temperature and not to length of day. 
Temperature in all cases had a greater 
effect than did day-length. At the same 
temperature the buds under long-day 
conditions opened from 1 to 4 days sooner 
than those under short-day conditions. 
Under the same day-length conditions 
however, those at high temperatures 
opened from 5 to 9 days earlier than 
those at low temperatures. Lilac and 
Snowball at high temperatures opened 
their buds 1 day earlier under long-day 
conditions than under short-day condi- 
tions, and Lilac started to unfold leaves 
3 days earlier under long-day conditions. 
Lilac, Dogwood, and Snowball all had 
larger leaves under long-day conditions. 
At low temperatures Lilac, Dogwood, and 
Snowball opened their buds from 2 to 4 
days earlier under long-day conditions 
than under short-day conditions. Under 
long-day low temperature conditions all 
three species unfolded their leaves after 


12 to 17 days, but under short day low 
temperature conditions none of the twigs 
put out leaves. 
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TABLE 1. 
Length of 
Number of Number of Number of leaves 
days required days when days when 22 days after 
Condition Plant for buds leaves first leaves were experiment 
to open emerged fully emerged | was 
(cm.) 
Long-Day _jLilac.. 3 5 8 2.0-2.5 
High Dogw ood. . 8 9 11 1.5-2.0 
Temperature ental. 5 8 10 2.5-3.0 
Hawthorn. 10 14 17 0.5-1.0 
Short-Day j|Lilac...... 4 8 9 1.0-1.3 
High Dogwood. . 8 10 13 1.0-1.5 
Temperature |Snowball. . 6 8 11 1.5-2.0 
Hawthorn. 10 15 17 0.5-1.0 
Lilac...... 8 12 17 0.7-1.0 
Long-Day |Dogwood.. 14 17 18 0.5-0.9 
Low Snowball. . 10 16 19 0.5-0.7 
Temperature |Hawthorn. No Leaves not Leaves not 
response emerged GU Pre cee 
Lilac...... 10 Leaves not Leaves not 
Short-Day emerged igi) PORT ae Pe 
Low Dogwood. . 17 ose ee Sale Gileaers 
Temperature |Snowball. . 14 PS Os Caras abla (Ce 
Hawthorn. No 
response . (En et ree 
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SOME MINERAL DEFICIENCY SYMPTOMS IN PLANTS 


JOHN SKOK 


University of Chicago, Chicago, Illinois 


In addition to carbon, hydrogen, and 
oxygen, plants need a number of mineral 
elements for normal growth and develop- 
ment. If any of these essential elements 
are not available to the plant, certain 
disturbances and usually characteristic 
deficiency symptoms result (1, 2, 4, 5, 7, 
9, 10, 11, 14, 15, 17, 19). These essential 
elements are applied in the form of 
nutrient solutions made up of various 
salts (3, 6, 8, 12, 18, 16, 18). By choosing 
various combinations of salts any one of 
the elements may be absent in these 
solutions and such solutions are used to 
study deficiency symptoms. 

In these experiments some mineral de- 
ficiency symptoms of three flowering 
plants were studied. The following plants 
were used: Petunia hybridia, var. Rosy 
Morn; Salvia splendens, var. Scarlet 
Dragoon; and Phlox drummondii. The 
plants were grown in clean quartz sand 
in two-gallon glazed earthenware pots. 
Nine series of each of the four plants 
were grown, consisting of one series 
which received a complete nutrient and 
eight series each lacking a different ele- 
ment. The eight deficiencies were: nitro- 


gen, calcium, potassium, phosphorus, 
magnesium, sulphur, boron, and iron. 
The nutrient solutions were made up 
with distilled water and Merck’s reagent 
quality chemicals as indicated in Table 1. 


DEFICIENCY SYMPTOMS 


The Complete Nutrient Plants.—The 
plants in this series were green, vigorous, 
and made good growth in general. All 
produced many flowers. 

Nitrogen Deficiency.—The minus nitro 
gen plants were all stunted, spindling, 
pale in color, and very hard rather than 
succulent. The lower leaves particularly 
were yellow and finally dried and fell off. 
All the leaves were much reduced in both 
size and number. One Petunia plant in 
the nitrogen deficient series produced 
a flower and it bloomed eight days earlier 
than did the plants of the complete nu. 
trient series. The top-root ratio of the 
minus nitrogen plants was much smaller 
than that of the complete nutrient plants. 

Calcium Deficiency.—The calcium de- 
ficiency symptoms were the most severe 
of all the deficiency symptoms. Petunia 


TABLE 1.—CoMPOSITION OF NUTRIENT SOLUTIONS 








Constituents of Solutions 





Complete Nutrient 


OR CRO Ya - 555d os beets 6 vw Raceeiene 0.006 molar 
Pa oi weeana mde scusemenene 0.0045 molar 
SEE nr re ero Set tay 0.045 molar 
a. O54 :4ie's Ra stented 0.5 p.p.m. added as H,BO, 
| Rae 0.5 p.p.m. added as ferric citrate 
BOR ocvsiviadadat 0.5 p.p.m. added as MnCl, 
SRS cad calasien ee 0.125 p.p.m. added as CuCl, 
A eee ere 0.5 p.p.m. added as ZnCl, 





MD 4. icon pee ss ces usvenekou 


CaCl, Substituted for Ca(NO,), 


PE UO nk cS die sieGisccpeoeeecwe NaNO, Substituted for Ca(NO,), 
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Minus Phosphorus .........ccscccsseeed 
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NN iinih one ke ob bib ane a nwaee 
ETE | nk cGb ce pu ddadwe cs tee eceee 





NaH,PO, Substituted for KH,PO, 
KCl Substituted for KH,PO, 
Na,SO, Substituted for MgSO, 
MgCl, Substituted for MgSO, 
H,BO, Omitted 

Ferric Citrate Omitted 
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and Phlox showed definite symptoms five 
days after calcium was withheld and 
Salvia a few days later. The plants 
were stunted and pale and made no addi- 
tional growth after the symptoms became 
evident. The top portions of the plants 
were affected first. The upper leaves be- 
came grayish-yellow in color and the 
veins turned brown. Later the veins 
and portions of the stems at the leaf 
axes became dark brown and black, and 
the growing tips died. Finally the entire 
plant including the lower leaves turned 
grayish-yellow and unless small amounts 
of calcium were added the plants died 
very soon. None of the minus calcium 
plants produced flowers unless calcium 
was finally added. The roots of the 
minus calcium plants were very dark 
brown in color and poorly developed. 
Potassium Deficiency.—The potassium 
deficiency symptoms appeared about ten 
to twelve days after potassium was with- 
held. The plants were stunted and pale. 
The lower leaves of Petunia were wilted 
and some had cream colored spots which 
became dry giving the leaves a mottled 
appearance. Later all the leaves became 
very chlorotic and wilted. The dry leaves 
were light brown in color. The leaves 
of Salvia did not become extremely chlo- 
rotic but they were wrinkled and éurled 
and severely scorched. The lower leaves 
were affected first and finally most of 
them fell off. The dry leaves of Salvia 
were also light brown in color. The 
leaves of Phlox were rather chlorotic 
and the tips of particularly the lower 


Phosphorus Deficiency.—All the phos- 
phorus deficient plants were spindling, 
stiff, and had a very characteristic dull 
bluish-green color. As the deficiency 
symptoms progressed the leaves turned 
to a dull yellowish-green color. In Pe- 
tunia only the first or second lower leaves 
became dry and fell, but in Salvia all 
the leaves were burned at the tips and all 
the lower leaves up to the fourth or fifth 
nodes from the bottom had dried and 
fallen off. The leaves were not wrinkled 
as they were in potassium deficient 
plants. The dry leaves of both Petunia 
and Salvia deficient in phosphorus were 
‘very dark brown in color. 

Magnesium Deficiency. — Magnesium 
deficiency symptoms were evident within 
ten days after magnesium was withheld. 
At first the plants were only slightly 
stunted but the leaves were very chlo- 
rotic. The leaf discolorations varied from 
pale green to almost white. The veins 
and the areas just next to the veins 
usually retained a light green color. The 
Petunias were the most chlorotic cf the 
magnesium deficient plants. The leaves 
of Salvia became dry rather than ex- 
tremely chlorotic and finally all but the 
very uppermost leaves dropped. 

Sulphur Deficiency.—The sulphur de- 
ficiency symptoms, although apparent, 
were not as pronounced as the others 
described. The sulphur deficient plants 
were less vigorous and bushy than the 
control plants and were lighter in color. 
The leaves were pale in general but no 
pronounced chlorosis or drying took 














leaves were yellow and brown. place. In Petunia the lower leaves were 
TABLE 2,—PETUNIA 
Average for one plant, 
Grams 
% Dry Wet 

weight | % Dry | % Dry | _top- top- 

Wet Wet Dry Dry entire | weight | weight root root 

top root top root plant tops roots ratio ratio 

weight | weight | weight | weight 

Cc 233 .00 3.54, 21.56 0.53 9.33 9.25, 14.97) 65.81) 40.67 
—N 0.47 0.23 0.12 0.06} 25.71) 25.53) 26.08 2.04 2.00 
wp. eee reer 0.61 BR SR a ee eee 5.08 
—K 3.15 0.39 0.71 0.06) 21.75) 22.54 15.38 8.07; 11.83 
—P 2.77 0.58 0.50 0.10), 17.91 18.01 17.24 4.77 5.00 
OME De a0 de anasb dev aha 0.38 EES CPE) Ne | Seep 5.43 
—Ss 124.00} 17.75) 10.63 3.05 9.65 8.57 17.18 6.98 3.48 
—B 4.60 0.57 0.44 0.07 9.86 9.56) 12.28 8.07 6.28 
—Fe 232 .00 7.98) 22.83 1.31 10.05 9.83) 16.41) 29.07) 17.42 
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TABLE 3.—SALVIA 














Average for one plant, 
Grams 

% Dry Wet Dry 

weight | % Dry | % Dry | _ top- top- 

Wet Wet Dry Dry entire | weight | weight root root 

top root top root plant tops roots ratio ratio 

weight | weight | weight | weight 

Cc 176.00} 61.00) 28.81 6.47) 14.04) 15.23) 10.60 2.88 4.14 
—N 0.64 0.39 0.06 0.07} 12.62 9.37} 17.94 1.64 0.85 
—Ca 6.79 4.95 1.07 0.60} 14.22) 15.75) 12.12 1.37 1.78 
—K 3.08 2.75 0.31 0.26 9.77 10.06 9.45 1.12 1.19 
—P 1.02 1.90 0.17 0.16} 11.30) 16.66 8.42 0.53 1.06 
—Mg 0.78 1.17 0.12 0.14) 13.33} 15.38) 11.96 0.66 0.85 
—S 67.00} 30.00 9.47 2.66} 12.50) 14.13 8.86 2.25) 3.56 
—B 21.80 8.35 3.06 0.97} 13.36) 14.03) 11.61 2.61 3.15 
—Fe 105.C0} 47.00 6.94 5.60 8.25 6.60} 11.91 2.23 1.23 
































affected more than the upper ones. Sev- 
eral flowers were produced by all plants. 
The total dry weight of the top portion 
of the sulphur deficient Petunia plants 
was about half that of the control plants, 
but the total root weight was almost six 
times greater than that of the control 
plants. The root weight of the sulphur 
deficient Salvia plants was less than half 
that of the control plants. 

Boron Deficiency. — The symptoms 
caused by boron deficiency were very 
striking in all the plants. They were evi- 


dent from eight to ten days after boron 
was withheld. Petunia and Phlox grew 
only 3 to 8 cm. in height, and produced 
no flower buds. In a very short time the 
central leaves and the growing tip be- 
came yellowish-brown to bronze in color 
and terminal growth stopped. Several 
lateral buds appeared, but before long 
they were similarly affected and also 
stopped growing. This resulted in a 
short greatly fasciated plant. Several 


boron deficient Petunia and Phlox plants 
died before the experiment was finished. 





Fig. 1.—Photograph showing mineral deficiences in phlox series. 
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The leaves of the Petunia plants were 
small but thick and very brittle. They 
were very deformed often being curled, 
rolled, and stubby, and had an oily or 
greasy appearance. The leaves of Phlox 
and Salvia did not have this oily ap- 
pearance. The Salvia plants had small 
discolored leaves but did not develop the 
fasciated condition as was found in Pe- 
tunia and Phlox. The growing tips in 
all Salvia plants died, but the lateral 
shoots usually made considerable growth 
before they stopped growing. Several 
flower buds were produced by these lat- 
eral shoots, but the flowers were very 
small and poorly developed. The roots of 
both Petunia and Salvia were very poorly 
developed, coarse, and dark in color. The 
extremities of the roots were blunt or 
bulbous rather than fibrous. 

Iron Deficiency.—Petunia and Salvia 
showed only very slight iron deficiency 
symptoms. Petunia was not affected in 
growth or general vigorousness but had 
a few chlorotic leaves. Salvia made less 
total growth when deficient in iron but 
the plants were not chlorotic. The sand 
used in these experiments contained im- 
purities of iron which apparently was 
available to the plants. The iron de- 
ficient Phlox plants were grown in sand 
from which the iron had been removed 
by several treatments with hydrochloric 
and nitric acid. The acid treated sand 
was carefully leached with distilled water 
to remove all traces of soluble iron and 
acid. Phlox grown in this iron free sand 
were stunted and very chlorotic. The 
chlorotic leaves were in some cases mot- 
tled and in others very light in general. 
The newer leaves were particularly light. 
The veins of even the more chlorotic 
leaves usually retained their green color. 
No drying or leaf destruction took place 
in these plants. 

Fresh and dry weights of the top- and 
root-portions of Petunia and Salvia were 


taken at the time of harvest. These 
with other data are shown in tables 2 
and 3. A photograph of the Phlox series 
is shown in fig. 1. 
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THE USE OF FLUORESCENT LIGHT IN EXPERIMENTAL 
WORK 


AUBREY W. NAYLOR 


University of Chicago, Chicago, Illinois 


Light is one of the most important en- 
vironmental factors. One of the most 
difficult problems confronting the plant 
physiologist in his effort to control the 
environment has been the finding of a 
suitable artificial light source. Obviously 
the ideal light source for physiological 
work depends entirely upon the type of 
experiment being performed. If light, 
however, is not a variable the best type 
of light would be one approaching day- 
light in both visible and invisible radia- 
tions. Therefore, the most important 
criterion which might be used in select- 
ing an efficient light source is concerned 
with the nature of the spectral distribu- 
tion. Of primary importance also is the 
determination of whether the spectral 
distribution follows the photosynthetic 
curve. In addition it should be remem- 
bered, that radiations other than those 
efficiently involved in photosynthesis may 
exert considerable effect upon the forma- 
tion of hormones and other substances 
which influence the general growth form 
of the plant. 

There have been many objections to 
the light sources used in the past; some 
of these were on the basis of quality or 
intensity or both, and others were on the 
basis of cost of installation and mainte- 
nance of equipment. Until recently the 
best source of artificial light from the 
standpoint of quality was tarbon-arc light. 
Light from this source approximates that 
of sunlight except that its radiations are 
higher in ultra-violet and the blue. Other 
than that it is of excellent quality. One 
of the more important objections to its 
use, however, is that the units are heavy 
and relatively non-portable; thereby prac- 
tically forcing one to use them in the 
rooms where they are installed. Also 
such units are both costly to install and 
to maintain. 

Comparatively recently lamps emitting 
fluorescent light have become available. 
Some experimentation has been done with 
arrangement, spacing, color and wattage 
of tubes, and with various reflecting sur- 
faces in order to ascertain the usefulness 


of fluorescent light in various types of 
experimental work. As a further test 
the lamps have been used as the sole 
source of illumination in light tight com- 
partments and supplemental to the nor- 
mal daylight period. 

Good results have been obtained from 
reflectors built to hold six 36-inch tubes, 
the reflecting surface being painted with 
a water soluble white casein paint (fig. 
1A). These reflectors have been used 
successfully as a source of supplementary 
illumination when suspended over the 
greenhouse benches, where during the 
day they can be raised by means of pul- 





PLATE I.—-A. Reflectors arranged on scaffold- 
ing in light-tight basement with double thick- 
ness black sateen cloth curtains around flanges 
to exclude light from adjacent sources. B. 
Flat type reflector mounted over a greenhouse 
bench for use as a supplementary light source. 
One side can be tilted to prevent shading dur- 
ing the day either by using a chain suspended 
from the ceiling or by props. 
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leys to such a height that their shadows 
will not be cast over the plants. Such a 
suspension system may also be conveni- 
ently used to adjust intensities to the de- 
sired level. Best results, however, have 
been obtained with flat reflecting surfaces 
to which were attached twelve 48-inch 
tubes spaced 1% inches apart at the 
center of the electrodes. The suspension 
system has been satisfactorily used with 
this type of reflector; and another way 
in which it may be used to advantage is 
to provide it with legs which may be 
readily replaced as the plants grow (fig. 
1B). Such a reflector may be used for 
supplementary illumination during the 
night. During the daylight hours it may 
be tilted at such an angle that shadows 
are not produced either on the bench 
which it covers or the adjacent one. 

In terms of foot-candles of light obtain- 
able, it is found, within limits, that the 
higher the wattage and the closer the 
tubes are spaced the higher the obtain- 
able intensity. Because of the difference 
in surface illumination of the different 
colored tubes the-height at which a given 
intensity may be obtained by a given 
bank of lights is variable. ‘The highest 
intensity obtained with the 36-inch (30- 
watt) white fluorescent tubes has been 
1200 foot-candles; while a bank of twelve 
48-inch (40-watt)tubes will give 2000 foot- 
candles at a distance of from 4-5 inches 
below their surface. But a similar num- 
ber of daylight type tubes of the same 
wattage give lower intensity readings. 

The quality of light obtainable from 
fluorescent tubes varies with the kind of 
phosphore which is used to coat the in- 
ner surface of the tube. Inasmuch as 
these phosphores may be mixed, a variety 
of colors can be obtained. The spectral 
distribution curves for the different 
colored tubes, when compared with the 
photosynthetic curve given by Hoover(1) 
indicate that the daylight type would be 
the most efficient because the two maxima 
for both curves occur in the same regions. 
It should be noted, however, that the 
highest maximum reached in the two 
curves is exactly reversed, the highest 
peak being in the red end of the photo- 
synthetic curve while the highest energy 
level obtained from the fluorescent tube 
is in the blue region. Distribution curves 
for all the other tubes, with the excep- 
tion of the white tube seemingly indicate 


that they would be comparatively in- 
efficient in plant growth. 


When used as the sole source of illumi- 
nation both the white and daylight tubes 
have proved to be exceptionally efficient 
in the growth of a number of plants. 
Those most successfully grown under 
them include cabbage, corn, a variety of 
annual beet, red kidney bean, Biloxi, soy- 
bean, dill, tobacco and tomato (2, 3). All 
of these have been grown in soil, while 
tomato and bean have also been grown in 
sand culture. Those plants tried—dill, 
annual beet, red kidney bean, and to- 
mato—have flowered as rapidly or almost 
as rapidly when the intensity was suf- 
ficiently high as those grown under the 
best greenhouse conditions at Chicago. 


Tubes of the 30-watt type emitting gold, 
green, and blue light have been used for 
growing beans and tomatoes. Although 
these lamps are far from’ supplying 
monochromatic light their radiations are 
confined to certain regions of the spec- 
trum and because they do cover a fairly 
large spectral range can be successfully 
used in a variety of preliminary experi- 
ments designed to determine the effects 
on growth of variables such as mineral 
nutrition and temperature within certain 
portions of the spectrum. More refined 
techniques can then be used to determine 
effects produced by spectral lines within 
any given band. 


An illustration of this point may be 
found in one of the bean experiments. 
Two series of beans were given similar 
environmental conditions under different 
reflectors supplying gold, green, blue, day- 
light, white, and a mixture of all these 
plus red. Half the plants received am- 
monium sulphate as a source of nitrogen 
while the other was supplied with cal- 
cium nitrate. Those plants supplied with 
nitrate as a source of nitrogen have in- 
variably grown more vigorously than 
those supplied with ammonium. Yet 
with ammonium there were distinc- 
tive differences in the growth rate 
depending upon the color of light 
used. The plants which first showed ad- 
verse effects of ammonium were those 
grown under blue light while retardation 
in growth appeared last in those grown 
under gold light. Within the nitrate 
series there have also been striking dif- 
ferences. One outstanding difference 
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which might not be expected on the basis 
of the efficiency curve for photosynthesis 
was that the size of leaves and height of 
plants growing under the blue lamps was 
much greater than under the gold lamps. 
This obviously indicates that factors of a 
photochemical nature other than photo- 
synthesis are involved. 

An effect which was noted in both 
series was that under gold light leaves 
of bean assumed the position of “sleep 
movement,” while normal leaf position 
was evident under all the others. Blue 
light seemingly induces the leaves to 
stand out more rigidly. This same re- 
sponse has also been noted in Ovzalis 
violacea. Evidently then light quality as 
well as intensity is related to sleep move- 


ment. More exact experiments could be 
designed to determine the effects of nar- 
row bands of yellow, orange, and red. 

In conclusion it may be said that with 
the aid of fluorescent lamps it is possible 
to control satisfactorily the quality and 
quantity of light in experimental work, 
whether the lamps are used as the sole 
source of illumination or for supple- 
mentary illumination. 
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TRACE ELEMENTS IN OATS AND SUDAN GRASS 


GLENN Ray NoGeLe 


University of Illinois, Urbana, Illinois 


There has been a considerable interest 
in the last several years among agronom- 
ists and plant physiologists as to the role 
of the trace elements in plant metabolism. 
These elements have been called by vari- 
ous workers “rare”, “secondary”, or 
“minor” elements. Such terms are used 
because the elements in question are 
found in small amounts in the plant tis- 
sue and appear to be necessary to the 
plant in very low concentrations. As an 
indication of the interest in this phase of 
physiological research, Willis in 1935 pub- 
lished a bibliography of 1805 abstracts 
and references to the trace elements. In 
1937 a second edition appeared contain- 
ing 2766 abstracts and a third edition ap- 
peared in 1939 containing 4628 references. 
Since 1939 several thousand additional 
papers have been published. 

Between 1860 and 1890 such plant phys- 
iologists as Sachs, Knop, Nobbe and 
Pfeffer had developed the almost classi- 
cal precept that carbon, oxygen, hydrogen, 
nitrogen, phosphorus, potassium, calcium, 
magnesium, sulphur and iron were the 
only elements essential for the existence 
of the green plant. With the develop- 
ment of chemical methods of analysis it 
became apparent that the experimental 
methods of the early workers did not 
justify the exclusion of other chemical 
elements from the list of essential ele- 
ments. 


Mazé between 1914-1919 and more re- 
cently others have shown that normal 
plant metabolism requires a number of 
other elements. Careful research with 
especially purified reagents has suggested 
that boron, manganese, zinc, and copper 
are essential for green plants. McHargue 
considered that plants obtain such factors 
as are necessary for their growth from 
the soil, taking up small amounts of iron, 
manganese, copper, zinc, boron, nickel 
and others. With the aid of these ele- 
ments the plant synthesizes complex 
organic compounds. He further consid- 
ered that these organic compounds func- 
tion as enzymes, catalysts and vitamins 
and that when they are consumed by 
animals they are resynthesized into 
catalase, oxidase, hormones, and animal 
vitamins. 

During the course of some vitamin re- 
search on cereal grass a number of 
samples of oats and Sudan grass were 
received from the vicinity of Browns- 
ville, Texas. One of these grass samples 
was definitely green in color and another 
definitely yellow while a third appeared 
to be somewhat intermediate in color. It 
was decided to run a series of analyses 
on the grass tissue to determine whether 
the cause of the chlorosis was due to a 
nutritional difficulty. From the outward 
appearance of the plants it could not be 
determined whether the chlorotic condi- 
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tion was due to a lack of certain elements 
or whether due to excess amounts of cer- 
tain elements resulting in a toxicity con- 
dition. There are numerous colored 
photographs in the literature to show 
that chlorosis can result from either a 
deficiency or toxicity of chemical ele- 
ments. Because of the small amount of 
tissue available for study spectrographic . 
methods of analyses were utilized* The 
grass was ashed and concentrated and a 
5 mgm. sample used in the determina- 
tion. The spectrum of the grass was 
recorded on a photographic plate for 
study. 

The absolute amounts of the different 
elements present were not determined. 
The first determination consisted simply 
of photographing the arc-produced spec- 
trum of the grass sample and then iden- 
tifying the principal lines present. This 
gave an idea of the elements present. A 
second determination was made by photo- 
graphing the spectrum of the three sam- 
ples on the same plate. By the use of a 
densitometer it was possible to obtain 
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some idea of the relative amounts of the 
various elements present in the three 
samples studied. 


In addition to the major elements cal- 
cium, magnesium, potassium, sodium, and 
phosphorus, the trace elements manga- 
nese, copper, iron, aluminum, boron, and 
silicon were identified. Zinc was not 
found on all of the plates and it was not 
certain whether it was present at all. 
Many workers believe that zinc, like cop- 
per, will prove to be an essential element 
for the higher plants. 


In this preliminary study no attempt 
was made to determine quantitatively the 
amounts of the elements present. The 
purpose of the study was to find whether 
or not any of the trace elements were 
absent, or whether any elements were 
present in excessive amounts. An evalua- 
tion of the relative amounts present was 
attempted by comparing densitometer 
readings of the various elements. These 
relative amounts are shown in the ac- 
companying table: 
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x—element present 


1—highest amount of element as shown by densitometer values 


2—intermediate amount of element 


3—lowest amount of elements as shown by densitometer values 


The comparison of densitometer read- 
ings showed that there was a gradation 
in the relative amounts of iron, manga- 
nese and copper present in the samples. 
One of the interesting features of this 
preliminary study was the fact that the 
grass sample intermediate in color be- 
tween the normal and chlorotic samples 
was not intermediate in mineral content 
as determined by comparing the line 
density values with a densitometer. In 
most cases the relative amounts of the 
trace elements in this intermediate sam-. 
ple were less than those amounts indi- 


cated to be present in the chlorotic 
sample. 

The results do not indicate whether the 
yellowing of the grass leaves was due to 
a deficiency of some essential element or 
due to a toxicity reaction caused by ex- 
cessive amounts of some element being 
present. Soil studies made did not offer 
much help in explaining the chlorosis. 
tc is known that the soil in the vicinity 
where the grass was sampled is decidedly 
alkaline in reaction. This suggests the 
possibility of iron being immobilized by 
the alkaline soil reaction and thus be 
coming unavailable to the plant. 


*I am indebted to K. R. Majors, formerly of the U. S. Soybean Lab. for his advice and assistance on 


the spectrographic work. 





86 Illinois State Academy of Science Transactions 


SOME QUANTITATIVE ASPECTS OF PHOTOTROPISM 


Harry J. FULLER AND ADELARD W. THUENTE 


University of Illinois, Urbana, Illinois 


The Bunsen-Roscoe law, which states 
that a given magnitude of stimulus al- 
ways calls forth the same response; re- 
gardless of its distribution in time, and 
the Weber-Fechner law, which states that 
the increase in intensity of stimulus 
necessary to produce an appreciable re- 
sponse is always a constant fraction of 
the intensity of stimulus to which a sen- 
sitive organ is already exposed, have 
been shown to apply to the responses of 
certain species of plants. Investigations 
upon the applicability of these laws to 
plant reactions have been infrequent, 
however, and the present work was un- 
dertaken to determine whether or not 


intensity and the average phototropic 
presentation time was determined for 
each intensity by observations upon 10 
to 18 plants. The light intensity in 
foot-candles was then multiplied by the 
phototropic presentation time for the 
seedlings exposed to that intensity. If 
the Bunsen-Roscoe law is valid for photo- 
tropic responses, then the values of the 
various intensities used, multiplied by 
their respective presentation times, 
should be approximately constant. The 
results of typical experiments are pre- 
sented in table I. 

B. Weber-Fechner Law.—In these ex- 
periments, the experimental set-up pic- 
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Fig. 1.—Diagram of box used in experiments. L=light source. M,M’ = mirrors. O=mid- 


point between mirrors. 


these laws hold in the phototropic re- 
sponses of seedlings of corn (Reid’s Yel- 
low Dent), perennial rye grass (Loliwm 
perenne L.). Alaska peas, radish (Scarlet 
Globe), and sunflower. 

The experiments were carried out in 
a constant-temperature room completely 
darkened, except for a spectrally-tested, 
phototropically-inactive, red lamp, which 
was turned on only during readings. The 
light stimulus was obtained by the use 
of standard 7144 watt, 60 watt, and 100 
watt frosted-glass electric lamps. A se- 
ries of intensities was obtained by expos- 
ing the experimental plants at varying 
distances €rom the light source. All in- 
tensities were determined at the plants 
by a Macbeth Illuminometer. 

A. Bunsen-Roscoe Law.—In the ex- 
periments involving this law, the plants 
were exposed to light sources of varying 


tured in fig. 1 was used. The box, which 
was 10 feet long by 1 foot high by 1 foot 
wide was left open on one side and at 
the ends, and was painted black. The 
plane mirrors employed were 4 by 6 
inches and were supported opposite the 
open ends of the box, as indicated. The 
source of light was placed approximately 
2 feet above the center of the box and 
the seedlings, grown in darkness, were 
placed at measured points as indicated 
in the figure—one pot at the midpoint 
(0) of the box, then a series to the left 
of the midpoint at 3 inches, 9 inches, 15 
inches, and 21 inches respectively from 
the midpoint. In each experiment, the 


plants were exposed for three hours to 
the light reflected to them by the mirrors. 
By varying the distance of the mirrors 
from the light source and point 0 it was 
possible to obtain different light inten- 
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TABLE 1 
Peas Corn Radish Rye Grass Sunflower 
Intensities re = 
PT is P? PT Ix PT PT Ix PT PT ED ow I Ix PT 
¥% 1.35 1/25 . 108 1 2.70 1/5 . 40 1% 4.05 
1 . 635 1/5 .123 3 1.91 1 - 635 6 3.81 
2% . 508 K% -107 10 2.03 2 - 406 15 3.03 
3 . 498 1 . 166 ll 1.72 3 . 498 22 2.65 
10 . 560 3 - 168 40 2. 24 8 . 448 52 2. 91 
12 - 468 4 - 156 50 1.95 10 . 390 59) 3. 30 
35 . 490 10 . 140 150 2.10 40 . 560 189) 2. 64 
inn cnetedl 140 - 490 36 - 126 600 2.10 140 . 490 895 2. 98 
Av. .502FCS Av. .137FCS Av. 2.18FCS Av. .499FCS Av. 3.78FCS 
I=intensity in foot-candles 
PT=presentation time (in seconds) 
I x PT=product of intensity and presentation time 
FCS = foot-candle-seconds 
TABLE II. (100 WATT LAMP).—CORN 
b 
inches i’ 
a 
feet 
3 | 6 | 9 | 12 | 15 | 18 21 24 
| == 
So a RR ET at Ep BENE ee en Ree a x x x x x 1. 166 
IN ae donde dines emhe-sena an ehetwineieale ate Sacaeion nici Anal x x x x x x 1. 166 
ES EE PCR SE STE ERE RS x x x x x x x 1. 166 
Intensity at O when LM + MO is 13 feet = .254 FC 
TABLE III. (60 WATT LAMP).—CORN 
4 
inches 1’ 
a 
at 3 | 6 | yu | 12 | 15 | 18 | 21 | 24 
Ere rrr een SeErrrrn perenrrny rir nny (orien rr nnnn annnnnnr Senne x 1. 361 
| ER EEE SERGE BORE BESS GEES SET acme x x x 1. 361 
EAS ASR TE FONE TDR RNG oes aoe oes oe a ed 
Intensity at O when LM + MO is 13 feet = .142 FC 
sities on the plants; the distances used produce a phototropic bending. Calcu- 
(from light source to mirror to mid- lations were made according to the 


point) were 13, 19.5, and 26 feet. The 
sources of light were standard, frosted 
60-watt and 100-watt light electric lamps. 
Intensity measurements were made with 
the Macbeth Illuminometer. 

In each of the experiments, the seed- 
ling closest to the midpoint 0 showing 
the slightest phototropic bending was 
determined, and calculations were made 
according to the law of inverse squares. 
Since the intensity of light is inversely 
proportional to the square of the dis- 
tance, it is easy to calculate how much 
more one side of a seedling must be 
illuminated than the other in order to 


formula 
i’ (a +b)? 
i (a—b)? 
where a is the distance LM+MO (and 
also L'M?+M’0), b is the distance from 
0 to the first curved seedling from the 
midpoint i? is the intensity of the 
light to the left, and i is the intensity of 
light to the right. If i is arbitrarily 
designated as I, then 
Tables II and III indicate the results 
y (a + b)? 


(a—b)? 
obtained from experiments on corn seed- 
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TABLE IV. (100 WATT LAMP).—RYE GRASS 














6 
inches . 
a 
feet 
3 6 9 12 | 15 | 18 | 21 24 
__ RE PCR Cane I eM MIRC res, Noam ee PREM EN, ROO, Brett tne) x x x 1,21 
cs Gaicicinns<cmpimb nica eas Saba wiles aebeR bates call abers ocd Eaeewebiie x x x x x 1,22 
Ra re en P OEO! EERI SR x x x x x 1,25 























Intensity same as in Table II 


lings with coleoptiles approximately 314- 
4 cm. tall. In the tables z indicates a 
definite curvature, absence of an z indi- 
cates no curvature. In a similar experi- 
ment upon rye grass seedlings, the re- 
sults presented in table IV were obtained. 

The constancy of i’ within these experi- 
ments indicates that the Weber-Fechner 
law is applicable, at least roughly within 
the limits of the light intensities used, 
to phototropic curvatures in coleoptiles 
of corn and perennial rye grass seedlings. 
Within the limits of each experiment, a 
definite fairly constant proportionality 
between the light intensities received on 
opposite sides of the seedlings must ob- 
tain before the seedlings is able to curve 


in the direction of the more intense light. 

Cc. Summary. — 1. The phototropic 
curvatures of young stems of peas, sun- 
flower, and radish, and of coleoptiles of 
corn and perennial rye grass, show ap- 
proximate correspondence with the Bun- 
sen-Roscoe law, within the limits of the 
experiments. 

2. The phototropic curvatures of cole- 
optiles of corn and of perennial rye grass 
show approximate correspondence with 
the Weber-Fechner law, within the limits 
of the experiments. 

The authors express their appreciation 
to the Graduate Research Board of the 
University of Illinois for use of the Mac- 
beth Illuminometer. 





THE TISSUE CULTURE TECHNIQUE AS A MEANS OF 
STUDYING CORRELATION 


RIcHARD B. STEPHENSON AND KATHRYN JOHNS 


University of Illinois, Urbana, Illinois 


For many years the tissue culture tech- 
nique has been utilized as a means of 
studying the growth requirements of 
isolated parts of the plant body, especial- 
ly those of roots (1, 2). In recent years 
its scope has been extended by many 
workers to study the role which vitamins 
and hormones, and related substances, 
may play in root growth. We have been 
interested more especially in adapting 
the technique to the observation of the 
effects which different organs of the 
plant exert upon one another during the 
growth of the plant. The technique in- 
volves growing excised parts of the plant 
body together in the same flask and also 
in separate flasks. This permits the ob- 
servation of any effects which may be 
due to the cutting of the living tissue, 
and the separation of the excised parts 
from one another, which may be com- 
plete, as when they are isolated, or in- 


complete, as when they remain in the 
same flask and the diffusion of sub- 
stances from one part to the other may 
still occur. 

The plant most extensively studied has 
been lettuce, of the Grand Rapids tip-burn 
resistant variety. The seeds are ster- 
ilized and then germinated on water- 
soaked filter paper in previously auto- 
claved Petri dishes. When the seedlings 
are two days old, the parts are excised 
and transferred to the culture flasks. The 
medium is usually a modification of 
White’s formula. The most widely stud- 
ied group of cultures contained four ser- 
ies, (1) excised roots alone, (2) excised 
shoots alone, (3) excised roots and shoots 
in the same flask, and (4) the whole 
seedling. By the shoot is meant the 
entire young stem, including the cotyle 
dons and part of the hypocotyl. Figure 


1 is the histogram which results when 
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the total root growth on each of the 
parts of this series is compared. It 
shows clearly that while attached intact 
to the seedling, the root and its branches 
receive growth promoting materials from 
the shoot which are not available to it 
immediately from the medium, but that 
the root when present on the seedling 
greatly inhibits the growth of lateral 
and adventitious roots. 

This same grouping of cultures has 
been used to study many growth-regulat- 
ing substances, and when the _ root 
growths are diagrammed in the same 
way as are those in Figure 1, the fact is 
evident immediately that the different 
series of cultures differ widely in their 
response to the same substance. Thus, 
an over all increase or decrease in the 
magnitude of this type-figure does not 
take place, but rather a change in the 
shape occurs. The conclusion from this 
is obvious: that deductions which may 
be drawn from observations of the ac- 
tivity of any substance on excised roots 
alone must be seriously limited in their 
scope. 

Other plants which we have cultured 
in this way are peas, canteloupe, and 
grass. The heterogeneity of response 
which peas show makes it difficult to use 
the technique to advantage. The import- 
ance of aeration in the development of 
some plants is shown by the canteloupe. 
The young stems, when cultured as de- 
scribed above for lettuce, elongate and the 
cotyledons grow to considerable size, but 
no differentiation takes place. The shoots 
and adventitious roots do not develop, 
but when a mat of glass wool is placed 
in the flask to support the young stem in 
the medium, growth is normal and very 
rapid. This suggests the results of White 
(3) with callus tissue. That the problem 
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Fig 1.—Total root growth in correlation 
groups. 
is at least partly one of aeration is fur- 
ther substantiated by the fact than when 
only a small portion of the stem is sup- 
ported above the liquid surface, numerous 
adventitious roots make their appearance 
on that portion. On the other hand, young 
grass plants develop as well when sub- 
merged in the liquid medium as when on 
agar, and moreover, this growth com- 
pares favorably over periods of three or 
four weeks with that taking place in sand 
culture. 
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AN EVALUATION OF GENERAL METHODS OF 
‘““DEOXYGENATION”’ OF WATER 


RicHArD D. Woop 


Northwestern University, Evanston, Illinois 


The recent interest in the physiology 
of aquatic plants and animals has stimu- 
lated the application of a technique em- 
ploying “oxygen deficient” water (Kosty- 
chevy and Soldatenkow, 1926; Gessner, 
1938). One phase which has not received 
adequate attention is the methods of prep- 
aration of this medium. 

Three mechanical methods for reduc- 
tion of the gaseous content of water are 
in general use: (1) heating, (2) displace- 
ment by another gas, and (3) application 
of partial vacuum. Perhaps to date heat- 
ing has been the most popular, but is 
found to disturb chemical and organic 
factors of natural water. Data are given 
which indicate the effectiveness of each 
method. 

Heating.—One liter quantities of dis- 
tilled water were heated in a 2 liter Erlen- 
meyer flask over a Fisher burner which 
increased the temperature of the water 
at the rate of about 7°C. per minute. 
Samples were siphoned off before and 
after treatment of each quantity into 
200ml. flasks. Determinations of dissolved 
oxygen content were made by the Winkler 
method. Data are given in table I. 
Nitrogen Substitution.—One liter quanti- 
ties of distilled water were placed in a 
one liter Buchner flask, and nitrogen was 
bubbled through the water from the bot- 
tom. The rate of 0.1 cubic feet per min- 
ute was chosen, because preliminary tests 
indicated that at this ‘rate nearly maxi- 
mum deoxygenation seemed to be affected 
per unit time. Samples of water were 
drawn, and the dissolved oxygen concen- 
tration determined as outlined above. 

Partial Vacuum.—One liter quantities 
of distilled water were added to a 1 liter 
Buchner filtering flask which was at- 
tached to a mercury manometer by one 
lateral tube and to an aspirator by a 
second. Maximum water flow through 


the pump was used in all experiments, 
and reduced the air pressure in the flask 
from 756.1 mm. Hg. to 16.1 mm. Hg. 
Samples of water were drawn and the 
dissolved oxygen concentration deter- 
mined as outlined above. 











TABLE I.—DEOXYGENATION OF WATER 
WITH HEAT 
Length of Oxygen Percent of 
treatment Temperature} concentration |original oxygen 
min. °C. mg./L. concentration 
0 29.0 6.8 100.0 
2 38.5 6.8 100.0 
4 55.0 6.0 88.2 
6 75.0 5.4 79.4 
8 91.0 3.8 55.8 
10 100.0 0.8 11.8 














TABLE II.—DEOXYGENATION OF WATER WITH 
NITROGEN GAS BUBBLED THROUGH AT 
THE RATE OF 0.1 CUBIC FEET 











PER MINUTE 
Total 
Length of} nitrogen Oxygen Percent of 
treatment bubbled concentration |original oxygen 
min. through mg./L concentration 
cu. ft. 
0 0.0 9.2 100.0 
1 0.1 7.4 80.5 
2 0.2 5.0 54.5 
4 0.4 2.8 30.5 
6 0.6 1.7 18.6 
& 0.8 1.2 13.1 
10 1.0 0.9 9.3 














TABLE III.—DEOXYGENATION oo 
UNDER REDUCED PRESSU 











(16.1 mm. Hg.) 
Oxygen Percent of 
Length of treatment | concentration |original oxygen 
mi mg./L concentration 
0.0 9.8 100.0 
5.0 7.8 79.6 
10.0 7.6 77.6 








TABLE IV.—DEOXYGENATION OF WATER 
UNDER REDUCED PRESSURE (16.1 mm. 
Hg.) WITH VIGOROUS SHAKING BY 
HAND DURING TREATMENT 











Oxygen Percent of 

Length of treatment | concentration |original oxygen 

min. mg./L concentration 

0. 00 9.8 100.0 

0.75 1.8 23.7 

1.00 1.2 12.2 

2.00 0.6 7.9 

2. 50 0.4 4.1 

5.00 0.4 4.1 
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To accelerate oxygen reduction, the 
preceding experiment was repeated with 
the one exception that the flask was 
shaken vigorously by hand in absence of 
an automatic oscillator. 

The accompanying graph (Fig. 1) sum- 
marizes the data above in terms of rela- 
tive rate of deoxygenation of water per 
unit time. 

Discussion.—The aspiration technique 
for the deaeration of water has proved 
of such interest to men in the field of 
chemistry and zoology at Northwestern 
University that I have attempted to make 
these data of a general nature. The ap- 





PERCENT OF ORIGINAL OXYGEN CONCENTRATION 














n 1. 4 
2 3 4 $ 6 ? 8 9 -« 0 
LENGTH OF TIME OF TREATMENT IN MINUTES 


Fig. 1.—Graph of reduction in dissolved 
oxygen concentration of distilled water by 
(A) partial vacuum, (B) heating, (C) dis- 
placement by nitrogen, and (D) partial 
vacuum with oscillation. 


paratus and techniques are not elaborated 
beyond mere duplication of the proced- 


ures in general use, for the purpose was 
to evaluate the methods as actually em- 
ployed. Each method, however, has pe 
culiar advantages which should be recog- 
nized. By merely heating a given quan- 
tity of water to a particular temperature 
one can approximate a desired oxygen 
saturation, whereas without an automatic 
oscillator the aspiration method is diffi- 
cult to standardize. The nitrogen meth- 
od, by displacing the oxygen with nitro- 
gen, has the advantage of more closely 
approximating true oxygen deficient 
rather than deaerated water. Aspiration 
has the advantage of rapidity of action 
and simplicity of method in accomplish- 
ing the same effect as boiling, but with- 
out disturbing the physiochemical fac- 
tors. 


I am indebted to Dr. B. S. Meyer under 
whom this work was begun, to Dr. R. O. 
Freeland for many valuable suggestions, 
and to Dr. P. Haensel for the excellent 
facilities of the High Pressure and Cata- 
lytic Laboratories at Northwestern Uni- 
versity. 
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PHYSIOLOGICAL DISTURBANCES IN TOBACCO PLANTS 
ACCOMPANYING MOSAIC INFECTION 


F. Lyte Wynp 


University of Illinois, Urbana, Illinois 


Seeds of Burley tobacco plants were 
germinated in the greenhouse and the 
seedlings transplanted into two-inch pots 
as soon as they were large enough to 
handle. As growth proceeded, the plants 
were repotted successively into four and 
eight inch pots. When the plants had 
five well developed leaves, the lower two 
were removed, and the lowest remaining 
leaf was designated as number one and 
the higher leaves numbered consecutively. 
Several new leaves appeared during the 
course of the study and they were desig- 
nated by consecutively higher numbers 
as soon as they were large enough to be 
included in the experimental material. 

Leaf number one was inoculated with 
the mosaic virus by rubbing a small area 
with a piece of cheesecloth soaked with 
press juice of plants in an advanced stage 
of the disease. 

At intervals of two or three days, the 
leaves of similar age from normal and 
inoculated plants were studied in the 


TABLE 1.—TuHeE PHYSIOLOGICAL ACTIVITIES OF 


laboratory to observe changes in respira- 
tory rate, and in the activities of peroxid- 
ase, oxygenase, catalase and invertase. 

The purpose of making the above ob- 
servations was to discover if there was a 
significant difference in the time required 
for the plant to show a physiological dis- 
turbance and that required to attain an 
infectious concentration of newly formed 
virus. 

The rate of oxygen used by the leaves 
of mosaic infected plants was greatly in- 
creased by the fourth day after the lower 
leaf was inoculated. This period of 
stimulated metabolism preceded by ap- 
proximately ten days the general appear- 
ance of the virus in infectious concentra- 
tions. The enzymes also showed a dis- 
turbed activ? ~ ary soon after infection. 
These data show that the appearance of 
newly formed virus in infectious concen- 
tration occurs approximately ten days 
after the tobacco plant has undergone 
profound physiological changes. This 


Leaves From Mosaic InNFectep Topacco PLANTS 


EXPRESSED AS PERCENTAGES OF THE ACTIVITIES OF LEAVES OF SIMILAR AGE From NorMaL PLantTs. 
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indicates that it is not impossible for the 
virus substance to be a product of this 
abnormal metabolism. If the observed 
physiological changes were due to a di- 
rect effect of the virus itself, one would 
expect the disturbances to parallel or fol- 
low the appearance of the virus, but ac- 


tual observations show that the amount 
of virus present at any time has no re- 
lation whatever to the magnitude of the 
disturbed metabolism of the plant. 

A detailed discussion of the data will 
be published at a later date. 





A DEVICE FOR VISUALIZING THE SOLUTION OF 
GENETICS PROBLEMS 


J. W. Hupson 


Loyola University, 


Last year a paper was presented to 
the Academy in which the project method 
developed in the Biology Department at 
Loyola University was outlined. This 
year one of these projects will be pre- 
sented in detail. This particular project 
involved the building of a device for 
visualizing the solution of genetics prob- 
lems. 

The construction of this device is sim- 
ple, as the accompanying diagrams indi- 
cate. It consists essentially of a box 
15%4"square. (See fig. 1.) This is made 
of one inch white pine fastened together 
with screws. The box is 6” deep. It has 
a solid back of one inch pine, recessed 
%”, This half inch space contains the 
wiring. There is a second, removable 


back of 4” three-ply wood which con- 
ceals the wiring. Attached to the solid 
back on the front side are sixteen sockets 





Chicago, Illinois 


containing sixteen watt bulbs. Partitions 
of 1%,” ply wood separate these bulbs and 
form square inclosures, the dimensions 
of which are given in the diagram. This 
size was chosen because we use a 
3%4”x4%4” camera to make the trans- 
parencies. 

The open front of these compartments 
is covered with a piece of ground glass 
14%” square. This slides in grooves cut 
into the sides of the box as shown. A 
piece of clear glass 13%” square fits into 
four brass guides bent into shape to re- 
ceive it. There is a space of about 3/16” 
between the two glasses into which the 
transparencies about to be described fit. 

A smaller box is hinged to the top of 
the larger one. Dimensions of this are 
given in fig. 1. It contains the sixteen 
switches used to control each individual 
light. The wiring is somewhat tedious, 





Fig 2. 








94 © Illinois State Academy of Science Transactions 


but not very complicated. As the dia- 
gram (fig. 2) shows, four switches across 
the top of the box control one side of the 
lamps in groups of four. When these 
switches are closed, the sixteen switches 
in the upper box each control one side 
of a single lamp. The four switches on 
the left side of the box are four pole 
switches. Considerable difficulty was ex- 
perienced in obtaining this type of 
switch, so they were constructed in the 
laboratory. They consist of a brass cy- 
linder attached to a wooden knob. This 
cylinder slides in and out of a hole in 
the box. A wire from the line is soldered 
to the cylinder. Brass strips are soldered 
to each of four wires coming from a row 
of four lights. These strips are bent and 
screwed into place so that the cylinder, 
when pushed in, makes contact with all 
four at once. This type of switch is 
necessary to prevent current feeding 
back through the lamps, thus throwing 
several into series. 

The transparencies are made of two 
pieces of x-ray film from which the emul- 
sion has been removed by soaking in a 
dilute warm solution of sodium hydrox- 
ide. Such films may be obtained gratis 
from any hospital. They are cut into 
13%” squares. On one, letters represent- 
ing genes are printed as indicated in the 
example. We found that India ink has 
a tendency to crack off, so the type of 
opaque used by photographers in retouch- 
ing was used. Appropriate drawings 
are made with India ink and copied on 
process film. From the negatives the de- 
sired number of positives are made on 
process film. These are colored with East- 
man water colors. They are then lined 
up on the x-ray fi!m and held in place by 
small bits of scotch tape.’ Finally, eight 
strips of scotch tape (the opaque type 
used to bind lantern slides) are arranged 
as shown in the diagram. The squares 
so formed correspond to those formed in- 
side the box by the plywood partitions. 
The second x-ray film is placed over the 
positives, and the whole bound together 
with scotch tape. 


A door covers the open front of the box. 
This was not shown in the drawing, in 
order to save space. It is hinged on the 
right, and fastens to the left side with a 
snap catch. The top also folds down and 
fastens to the door by another snap catch. 
A handle attached to the top permits easy 
carrying. The electric cord for power 
supply comes in near the bottom on the 
right side. 


This project as such was very success- 
ful. It required the combining of in- 
formation of very diverse kinds. A 
knowledge of genetics, physics, photog- 
raphy, and some practical carpentry 
were required. Not only were those ac- 
tively working on it interested, but many 
others displayed a keen interest. 


Besides the routine solution of prob- 
lems, it is possible to demonstrate vari- 
ous other points. For instance students 
often are unable to understand why a 
double recessive is used in test crossing. 
If a transparency is put into place, and 
the four egg switches closed, it is pos- 
sible to demonstrate the utility of the 
recessive. If the switch controlling the 
sperm carrying both recessives is closed, 
four' phenotypes appear. If any egg 
switch is opened, the ratios are changed, 
proving that only one possible female 
can give such results. If any other 
sperm switch is closed; then two, or even 
three egg switches may be opened with- 
out changing the ratio. This dem- 
onstrates that only the double recessive 
will reveal an unknown genotype. We 
have not had an opportunity to use the 
machine sufficiently to determine its use- 
fulness. It is hoped, however, that it will 
arouse the curiosity of the students and 
thus lead them to an interest in a subject 
which is ordinarily considered abstruse. 
It is planned to demonstrate in lecture, 
and then allow the students to work out 
problems during laboratory periods or at 
other times. 


One of the projects for several years to 
come will be the addition of various 
transparencies to those we already have. 
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A COLLECTION OF MYXOMYCETES FROM EASTERN 
ILLINOIS 


E. L. STOVER 


Eastern Illinois State Teachers College, Charleston, Illinois 


This collection of the saprophytic 
Myxomycetes was started by a student, 
the late Miss Helen Ruck. It has been 
added to by the writer, Mr. H. F. Thut 
and students. This collection is main- 
tained as a unit for use in a course of 
study of the non-green plants. It is pre- 
sented to the botany section of the Acade- 
my as an interesting and useful collec- 
tion demonstrating this group of plants 
and as a group useful in teaching the use 
of keys for the identification of plants. 
The collection contains nineteen or 
twenty genera and from forty to fifty 
species. The following list is a record 
of these species collected in Coles and 
Clark Counties in Illinois. Specimens 
are available to anyone who wants to ex- 
amine them in the botany laboratories 
of the Eastern Illinois State Teachers 
College. 


The identifications were made from the 
keys in the book by Macbride and Martin, 
The Myxomycetes. A part of the identifi- 
cations have been checked by Professor 


* Martin. 


Ceratiomyxa fruticulosa (Muell.) Macbr. 
Fuligo septica (L.) Weber 

Badhamia Versicolor Lister 

Badhamia foliicola Lister 

Physarum compressum Alb. and Schw. 
Physarum notabile Macbr. 


Physarum polycephalum Schw. 
Physarum viride (Bull.) Pers. 
Physarum spp. 

Diderma crustaceum Peck. 

Diachea leucopodia (Bull.) Rost. 
Stemonitis fusca Roth. 

Stemonitis virginiensis Rez. 
Stemonitis fenestrata Macbr. 
Stemonitis splendens Rost. 
Stemonitis axifera (Bull.) Macbr. 
Comatricha longa Peck 

Comatricha irregularis Rer 
Comatricha typhoides (Bull.) Rost. 
Comatricha pulchella (Bab.) Rost 
Comatricha sp. 

Lamproderma arcyrionema Rost. 
Cribaria dictydiodes Cook and Balf. 
Dictydium cancellatum (Batsch) Macbr. 
Licea tenera John 

Licea fimicola Dearness and Bisby. 
Tubifera casparyi (Rost) Macbr. 
Tubifera ferruginosa (Batsch) Gmel. 
Reticularia lycoperdon Bull. 
Lycogola epidendrum (L) Fr. 
Perichaena quadrata Macbride 
Arcyria cinerea (Bull) Pers. 
Arcyria digitata (Schw.) Rost. 
Arcyria denudata:(L) Wettstein 
Oligonema nitens (Lib.) Rost. 
Hemitrichia serpula (Schop.) Rost. 
Hemitrichia stipata (Schw.) Macbdr. 
Hemitrichia vesparium (Batsch) Macbdr. 
Hemitrichia clavata (Pers.) Rost. 
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BRYOPHYTES OF ROCKY BRANCH REGION OF CLARK 
COUNTY, ILLINOIS 


R. Harotp VAUGHAN 


Sullivan Township High School, Sullivan. Illinois 


In the northern part of Clark County 
there is a small creek called Rocky 
Branch which joins Big Creek about two 
miles northeast of the village of Dolson 
(Clarksville). This stredm runs for al- 
most a mile in its lower course through 
a gorge cut in sandstone. Botanists and 
zoologists of east central Illinois have 
long known Rocky Branch to be an inter- 
esting place. The author believes, how- 
ever, that no one has ever made extensive 
collections of Bryophytes there. 

The area explored for this study in- 
cludes Rocky Branch gorge, some ravines 
which enter the gorge, and the rocky 
cliffs on Big Creek near the junction of 
the two streams. All together the region 
includes less than one square mile of 
land. Woods, streams, and moist rocky 
banks and cliffs furnish a wide variety of 
habitats where Bryophytes flourish. Col- 
lections were made during the late sum- 
mer and autumn of 1940 and the spring 
of 1941. Time did not permit a thorough 
exploration of all the promising parts of 
this region and it is quite probable that 
several other species of Bryophytes may 
be collected there later. 

Duplicate samples of this collection 
have been sent to Dr. Stella M. Hague 
for the Illinois Collection at the Uni- 
versity of Illinois and to Dr. W. C. Steere 
for the Herbarium of the University of 
Michigan. Samples of the Hepaticae 
have been sent to Dr. Margaret Fulford 
for the Hepatic Herbarium of the Sulli- 
vant Moss Society at the University of 
Cincinnati. The author is greatly in- 
debted to Dr. Steere, Dr. Hague, Dr. Ful- 
ford and Dr. A. J. Grout for the assist- 
ance given in the identification of the 
Bryophytes collected. 


HEPATICAE 


Calypogeiaceae 
CALYPOGEIA TRICHOMANIS (L.) Corda 


Cepahloziaceae 
Cephalozia media Lindb.* 


Harpanthaceae 


LOPHOCOLEA HETEROPHYLLA (SCHRAD.) 
Dumokrt. 


Jungermanniaceae 


PLECTOCOLEA CRENULIFORMIS (AUST.) 
, Mrrrt.* 
PLECTOCOLEA HYALINA (LYELL) Muirt. 


Plagiochilaceae 
Plagiochila asplenioides (L.) Dumort. 


Scapaniaceae 
SCAPANIA NEMOROSA (L.) Dumort. 


Porellaceae 
Porella platyphylloidea(Schwein.)Lindb.* 


Frullaniaceae 


‘ FRULLANIA EBORACENSIS Gottsche 


Blasiaceae 
BLASIA PUSILLA L. 


Marchantiaceae 


MARCHANTIA POLYMORPHA L. 
CoNOCEPHALUM coNnICUM (L.) Dumort. 


Rebouliaceae 
REBOULIA HEMISPHAERICA (L.) Raddi 


Anthocerotaceae 
ANTHOCEROS LAEVIS L. 


MUSCI 


Sphagnaceae 
SPHAGNUM SP. 


Tetraphidaceae 
TETRAPHIS PELLUCIDA Hedw. 


Fissidentaceae 
FISSIDENS CRISTATUS Wils. 
FISSIDENS OSMUNDIOIDES Hedw. 
FISSIDENS SUBBASILARIS Hedw. 
FISSIDENS TAXIFOLIUS Hedw. 
FISSIDENS VIRIDULUS (Web. & Mohr) 


Wahlenb. 
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Ditrichaceae 
CERATODON PURPUREUS (Hedw.) Brid. 
DITRICHUM PALLIDUM (Schreb., Hedw.) 
Hampe. 
Dicranaceae 
DICRANELLA HETEROMALLA VA. 
CARPA (Hedw.) 
DICRANELLA VARIA (Hedw.) Schimp. 
DICRANUM SCOPARIUM (L.) Hedw. 


ORTHO- 


Leucobryaceae 
LEUCOBRYUM GLAUCUM (Hedw.) Schimp. 


Polytrichaceae 
ATRICHUM ANGUSTATUM (Brid.) Bry. Eur. 
ATRICHUM UNDULATUM (Hedw.) Beauv. 
POGONATUM PENSILVANICUM (Hedw.) 
POLYTRICHUM COMMUNE Hedw. 
POLYTRICHUM JUNIPERINUM Hedw. 
POLYTRICHUM OHIOENSE Ren. & Card. 


Buxbaumiaceae 
DIPHYSCIUM FOLIOSUM (Hedw.) Mohr 


Pottiaceae 
BARBULA FALLAX Hedw. 
DESMATODON OBTUSIFOLIUS (Schwaegr.) 
GYMNOSTOMUM CALCAREUM Nees. & 
Hornsch. 
WEISIA VIRIDULA Hedw. 


Grimmiaceae 


GRIMMIA APOCARPA (L.) Hedw. 
HEDWIGIA CILIATA (Ehrh) Hedw. 


Funariaceae 


FUNARIA HYGROMETRICA (L.) Hedw. 
PHYSCOMITRIUM TURBINATUM (Mx.) Brid. 


Orthotrichaceae 


DRUMMONDIA PROREPENS (Hedw.) Jennings 
ORTHOTRICHUM PUMILUM Dicks. 


Aulacomniaceae 
AULACOMNIUM HETEROSTICHUM (Hedw.) 
Bry. Eur. 
Bartramiaceae 
BARTRAMIA POMIFORMIS (L.) Hedw. 


Bryaceae 
BRYUM ARGENTUM L. 
PoHLIA NUTANS (Schreb.) Lindb. 
POHLIA WAHLENBERGII (Web. & Mohr.) 
RHODOBRYUM ROSEUM (Weis.) Limpr. 


Mniaceae 
MNIUM AFFINE Bland. 
MNIUM CUSPIDATUM Hedw. 
MNIUM PUNCTATUM (L.) Hedw. 
MNIUM SPINULOSUM (Br. & Sch.) Bry. Eur. 


Hypnaceae 


AMBLYSTEGIUM VARIUM (Hedw.) Lindb. 
BRACHYTHECIUM ACUTUM (Mitt.) Sull. 
BRACHYTHECIUM OXYCLADON VA. DENTATUM 
(Lesq. & James) Grout 
BRACHYTHECIUM plumosum (Sw.) Br. & 
Sch.* 
BRACHYTHECIUM RIVULARE Bry. Eur. 
BRACHYTHECIUM SALEBROSUM (Hoffm.) 
Br. & Sch. 
BRYHNIA GRAMNICOLOR (Brid.) Grout 
CALLIERGONELLA SCHREBERI (Willd., Br. & 
Sch.) Grout 
CAMPYLIUM CHRYSOPHYLLUM 
(Brid.) Bryhn 
CAMPYLIUM HISPIDULUM (Brid.) Mitt. 
CIRRIPHYLLUM Boscir (Schwaegr.) Grout. 
CLIMACIUM AMERICANUM Brid. 
ENTODON CLADORRHIZANS (Hedw.)C. Muell. 
ENTODON SEDUCTRIX (Hedw.) C. Muell. 
EURINCHIUM SERRULATUM (Hedw.) Kindb. 
HOMOMALLIUM ADNATUM (Hedw.) Broth. 
HYGROAMBLYSTEGIUM FLUVIATILE (Hedw.) 
Loeske 
HYPNUM CURVIFOLIUM Hedw. 
PLAGIOTHECIUM DENTICULATUM (L. Hedw.) 
Bry. Eur. 
PLAGIOTHECIUM GEOPHILUM (Aust.) Grout 
PLAGIOTHECIUM Roseanum (Hampe) Bry. 
Eur.* 
PLATYGYRIUM REPENS (Brid.) Bry. Eur. 
SEMATOPHYLLUM carolinianum (C. Muell) 
E. G. Britton* 
Leskeaceae 
ANOMODON ATTENUATUS (Hedw.) Huben 
ANOMODON MINOR (P. B.) Lindb. 
ANOMODON ROSTRATUS (Hedw.) Schimp. 
LESKEA POLYCARPA (Hedw.) 
THELIA ASPRELLA Sull. 
THUIDIUM DELICATULUM (L. Hedw.) Mitt. 
THUIDIUM PYGMAEUM Bry. Eur. 


Hookeriaceae 
HooKeria acutifolia (Hook.) Schwaegr.* 


Leucodontaceae 
LEUCODON JULACEUS (Hedw.) Sull. 


NOTE: The author believes that this 
is the first time the italicized species 
have been reported from Illinois. 
P. platyphylloidea has been collected of- 
ten, but, according to Dr. Steere, has been 
called P. platyphylla. Dr. Hague states 
that S. carolinianum has been collected 
but not reported. Dr. Steere states that 
this report on H. acutifolia marks a con- 
siderable extension of the range of this 
moss as it has not previously been re- 
ported west of Ohio. 
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THE TREES OF ADAMS COUNTY, ILLINOIS 


Ropert A. EVERS 


Quincy Junior High School, Quincy, Illinois 


Since there are a number of people in 
the state who are interested in the dis- 
tribution of plants in Illinois, perhaps it 
would be well to publish a list of trees 
found in Adams County in order to bring 
the distribution record up to date. 

This list of arborescent plants was 
compiled from herbarium specimens in 
the University of Illinois, the Natural 
History Survey Herbarium; and from 
the card index in the Natural History 
Survey which lists Illinois plants found 
in the herbaria of Field Museum, North- 
western University, and the Missouri 
Botanical Garden. Only seven different 
species were found in these herbaria, the 
remainder of the species in this list re- 
sulted from the author’s collection made 
in Adams County since the autumn of 
1939. The nomenclature used is chiefly 
that of Rehder’s “Manual of Cultivated 
Trees and Shrubs”, second edition, 1940. 

No initial after the name of the plant 
in the following list indicates that the 
specimens are in the author’s collection 
now in the herbarium of the University 
of Illinois and in other herbaria. An ini- 
tial in parentheses indicates an herba- 
rium specimen other than the author’s 
in some herbarium: (F), Field Museum; 
(NHS), Natural History Survey; (UI), 
University of Illinois. The collector’s 
name follows the herbarium abbreviation. 
If the initial is preceded by the amper- 
sand (&), the author algo collected this 
species. 

Pinaceae 


Juniperus virginiana L. 


Salicaceae 


Populus alba L. Escaped cultivation. 
Populus deltoides Marsh. 
Salix alba L (An escape) 
Salix amygdaloides Anders. 
Salix nigra Marsh. 
Salix interior Rowlee 
& (F). Beckwith, 1916. 
Juglandaceae 
Juglans nigra L. 
Juglans cinerea L. 


Carya Pecan Engl. & Graebn. 





Carya cordiformis (Wangh.) K. Koch 
& (UI). Seymour 

Carya glabra (Mill.) Sweet 

Carya laciniosa (Michx. f.) Loud 

Carya ovata (Mill.) K. Koch 

Carya tomentosa Nutt. 


Betulaceae 
Betula nigra L. 
& (NHS). Pepoon & Barrett, 1932. 
Carpinus caroliniana Walt. 
Ostrya virginiana (Mill.) K. Koch 


Fagaceae 


Quercus imbricaria Michx. 

Quercus marilandica Muenchh. 
Quercus velutina Lam. 

Quercus palustris Muenchh.: 
Quercus borealis var. maxima Ashe 
Quercus alba L. 

Quercus stellata Wangh. 

Quercus macrocarpa Michx. 

Quercus muhlenbergii Engelm. 


UlImaceae 

Ulmus americana L. 

Ulmus fulva Michx. 

Celtis laevigata Willd. 

Celtis occidentalis L. 

Celtis occidentalis var. crassifolia 

(Lam.) Gray 

Moraceae 

Morus alba L. Escaped cultivation. 

Morus rubra L. 

Maclura pomifera (Raf.) Schneider 


Anonaceae 

Asimina triloba Dunal & (UI). Gates, 

1916 
Lauraceae 


Sassafras albidum (Nutt.) Nees 
Platanaceae 


Platanus occidentalis L. & (NHS). 
Pepoon & Barrett, 1932. 


Rosaceae 


Crataegus mollis Scheele 
Crataegus viridis L. & (UI).Davis, 1912. 
Crataegus Crus-galli L. 

Crataegus punctata Jacq. 


(UI). Sey- 


mour, 1878. 








Amel 
Malu 
Prun 
Prun 
Prun 


Cerce 
Gled 
Gym 
Robi 


Ptele 


Aila 


Tlex 


Euon 


Acer 
Acer 
Acer 





baal 
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Amelanchier canadensis (L.) Medic. 
Malus ioensis (Wood) Bailey 
Prunus hortulana Bailey 
Prunus serotina Ehrh. 
Prunus lanata (Sudw.) Mack & Bush 
Leguminosae 
Cercis canadensis L. 
Gleditsia triacanthos L. 
Gymnocladus dioicus (L.) K. Koch 
Robinia pseudoacacia L. 
Rutaceae 
Ptelea trifoliata L. 
Simaroubaceae 
Ailanthus altissima (Mill.) Swingle 
Aquifoliaceae 
Ilex decidua Walt. 
Celastraceae 
Euonymus atropurpurea Jacq. 
Aceraceae 


Acer saccharinum L. 
Acer saccharum Marsh. 
Acer Negundo L. 


Hippocastanaceae 
Aesculus glabra Willd. 


Tiliaceae 
Tilia americana L. 


Cornaceae 


Cornus alternifolia L. f. (NHS). 
Pepoon & Barrett, 1932. 


Ebenaceae 
Diospyros virginiana L. 


Oleaceae 
Frazinus americana L. 
Frazinus pennsylvanica Marsh. 
Frazinus pennsylvanica var. lanceolata 
(Borkh.) Sarg. 
Fraxinus quadrangulata Michx. 
Forestiera acuminata (Michx.) Poir. 


Bignoniaceae 
Catalpa speciosa Warder. 
Escaped cultivation. 
Caprifoliaceae 
Viburnum prunifolium L. 





MULTI-SEEDED ACORNS 


J. T. BucHHOLZ, University of Illinois, Urbana, Illinois 


At Conway, Arkansas is a large native 
tree of Southern red oak Quercus falcata 
Michx* which is very unusual in that it 


| bears acorns that contain several seeds 


each. This tree stands on a corner lot 
bordered by Bruce Street on the north 
and by Davis Street on the east. It was 
originally located in the fall of 1917 as 
a result of a survey of the acorns falling 
from hundreds of trees in this section of 


Conway. Only very rarely was an acorn 
| found elsewhere with more than a single 


seed. Under this tree and one other, a 
great majority of the fruits were multi- 
seeded. The other tree, a much smaller 
one, was located in a grove about a block 
or more north and a similar distance 
west not gar from the east bank of a 


| brook, and may have been cut down in 


the development of this area as a residen- 
tial section. 


The tree at Bruce and Davis streets 
differs in no obvious particulars from 
hundreds of other native trees of this 
variable species. It differs only in the 
structure of its fruit. The acorns are 
abnormal in containing several seeds 
that are crowded into the space usually 
occupied by a single seed. When these 
acorns are planted several seedlings 
emerge from the nut instead of the usual 
single seedling. I suspect that there are 
other differences that no one has ob- 
served. One may be in its physiological 
vigor of growth, especially of the acorns. 
However no claim is advanced that this 
tree is another species or even a variety. 
Like several of the synonyms given for 
the species*, this tree may be a sub- 
variety or form, and is very likely to 
represent a mutation, but before the term 
mutation may be applied, the inheritance 


* Given as Quercus rubra L. in the writer’s pocket manual of the Common Forest Trees OF ARKANSAS 


(Little Rock 1924). 


As a result of changes and clarification of the International Rules of Botanical 


Nomenclature (1930, 1935) the name Q. rubra L. does not remain as the legitimate name of any North 


American speci 
Michx. Q. digitata Sudw., Q. cuneata Rehd. an 


es. The name Q. falcata Michx. remains the legitimate botanical name of the Southern 
red oak, also called Spanish oak, and the following are 0 


Q. rubra L. not DuRoi., Q. triloba 


synonyms : 
aefolia Ashe. At least the last named is recognized 


d Q. pagod: 
as a variety: ©. faleata var pagodaefolia Elliott and it is likely that other varieties should be recognized. 
The names of other oaks given by Buchholz and Mattoon (1) remain unchanged by the rules. 
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DIAGRAMS SHOWING CROSS SECTIONS OF NORMAL AND MULTI-SEEDED ACORNS x2 


1. Normal acorn with single seed. 
2-seeded acorns. 


of this multi-seeded condition would have 
to be demonstrated. 

The structure of flowers in the oak 
and the development of the ¢ruit was de- 
scribed nearly a century ago by the Ger- 
man botanist Theodor Hartig (5). The 
subject is treated more briefly by M. 
Marshall Ward (7) in The Oak, one of 
the Modern Science Series edited by Sir 
John Lubbock (Lord Avebury). Every 
female oak flower contains 6 ovules with- 
in its compound tricarpellate pistil. 
Though the ovary has a single cavity 
these ovules are attached to 3 marginal 
placentae in pairs, and become, for a 
time, so crowded and pushed together 
that it gives the impression of a 3-celled 
ovary. At the time of pollination the 
ovules are still very rudimentary and un- 
developed, but they become well organ- 
ized during the first season. In the 
summer of the second year (for it re- 
quires 2 seasons to mature the acorns of 
oaks belonging to the red oak group) 
the pistil enlarges very greatly to form 
the acorn. Usually only one of the six 
ovules enlarges and matures to form a 
seed; the embryo which it contains 
stretches its seed coat put thin as it fills 
the entire space within the pericarp. The 
other five ovules become aborted and are 
carried upward by the intercalary growth 
of the shell of the nut so that they may 
be observed only under magnification 
inside of the shell at the tip of the ma- 
ture acorn or they may be seen clinging 
to the apex of the enlarged seed when 
this is removed from the shell. For 
some reason this Conway tree matures 
seeds from more than one of its ovules— 
as many as five out of a possible six 
seeds have been found. 

The conditions shown by the acorns 
may be illustrated by the accompany- 
ing diagrams of the cross_ sections. 
Fig. 1 shows the cross section of the 


2. A 3-seeded acorn. 
Pairs of cotyledons belonging to same embryo are connected by a “z 


3. A 4-seeded acorn. 4 and 5, 


normal acorn in which only two coty- 
ledons belonging to a single embryo may 
be seen. The heavy outer layer is the 
woody pericarp or shell of the acorn. 
This contains a seed which consists of a 
dicotyledonous embryo without endo 
sperm, surrounded by a very thin papery 
seed coat. In fig. 2 there are three em- 
bryos, each of which is surrounded by a 
similar thin seed coat and the embryo of 
each seed has two cotyledons. Fig. 3 
shows the section of an acorn with four 
seeds. Figs. 4 and 5 each show acorns 
having two seeds with embryos, with the 
lines of separation between the pair of 
cotyledons placed in various positions, 
indicating that there is no regularity ip 
the radial orientation of the embryos. 
Sometimes the cotyledons are very un- 
equally developed so that only one of a 
pair shows in a section cut through the 
base of the acorn. Several instances 
were found in which a cross section cut 
below the middle of the nut showed 
only two cotyledons, which upon further 
dissection proved to have additional seeds 
with embryos, very much smaller and 
crowded up toward the apex of the nut. 


All embryos are oriented with the radicle \ 


brought close to the apex of the acorn. 
When the shell of the acorn is completely 
removed the individual seeds usually fall 
apart and show how each embryo is sur- 
rounded by an individual seed coat. 

77 acorns of the 1940 seed crop col- 
lected from beneath this tree were care- 
fully examined during the past winter. 
40 of these were normal while 37 con- 
tained two or more seeds each. As I 
recall, in 1917 there were more acorns 
with abnormal seeds. However if only 
the larger nuts were sampled in 1917, 
the proportion of abnormal seeds 
would have been higher, as I shall show 
presently. Among the 37 acorns with 


more than one seed, 14 had 2, 10 had 3, 11 
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had 4 and 2 had 5 seeds. The 37 ab- 
normal acorns in the 1940 sample con- 
tained an average of 3 seeds. 

In the summer of 1918, after leaving 
Conway, the writer received at intervals 
of 2 weeks during June and July, collec- 
tions of twigs bearing developing acorns 
from this tree along with collections 
made from another red oak tree of simi- 
lar size nearby and known to bear only 
normal fruit. These were dissected and 
compared in similar stages of develop- 
ment. It was obvious from these investi- 
gations that in the tree with abnormal 
acorns more than one of the ovules en- 
larges and develops to maturity. In 
the tree with normal fruits the develop- 
ment of five of the six ovules was checked 
very early in the second season. Another 
difference was noted: the fruits of the 
abnormal tree were usually larger at any 
of these mid-season dates than in the 
tree that had been chosen as a control. 
However the mature acorns were not 
noticeably larger than those of other 
trees of Quercus falcata. Possibly this 
more precocious growth of the fruit has 
something to do with the development of 
several seeds per acorn, in furnishing 
more room at a critical stage for the en- 
largement of several ovules to form seeds. 


Mr. J. H. Gist who collected the sam- 
ples of seeds of the 1940 crop informed 
me that the tree, now nearly 3 feet in 
diameter, had been pollarded in recent 
years. All of the 1940 crop of fruits was 
produced on a dense new growth of 
slender branches arising from the stubs 
of large limbs. The acorns were on the 
whole smaller than the average size for 
acorns of Quercus falcata, as I remember 
them, and were quite variable in size. 
Their diameters ranged from 8.5 mm to 
12.5 mm; their mean diameter was 10.5 
mm. Among 33 acorns which measured 
more than 10.5 mm indiameter there 
were 24 (77%) with 2 or more seeds; 
among 44 acorns 10.5 mm in diameter or 
less, only 13 (30%) had 2 or more seeds. 
In the larger group of acorns the mean 
number of seeds per fruit was 2.5; in the 
smaller group of 44 the mean was 1.5 
seeds per fruit. It is possible, therefore, 
that the impression gained in 1917 of a 
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greater prevalence of the multi-seeded 
condition was correct, but was based on 
seed samples which included larger seeds. 

There are some records in the litera- 
ture of this condition, based upon ob- 
servations of the germination of more 
than a single seedling from an acorn. 
Harvey (6) mentioned an example in the 
white oak (Quercus alba L.), which he 
appears to have misinterpreted as an in- 
stance of polyembryony. Similar ob- 
servations have been reported for other 
species and described as polyembryony; 
even Coulter (4) appears to have ac- 
cepted this interpretation. However, 
polyembryony, which involves several 
embryos which are formed within the 
same seed, would be very difficult to 
prove gor the oak. It could certainly not 
be proved in the later stages represented 
by germinating acorns. Many years ago 
Coker (2, 3) recognized and described 
this condition on the basis of germinat- 
ing acorns. He mentioned a tree of basket 
oak, Q. prinus L., near Baltimore, and a 
tree of white oak, Q. alba L., at Chapel 
Hill, North Carolina, in both of which 
many acorns give rise to several seed- 
lings each. He also found a single in- 
stance of a multi-seeded acorn in the 
black oak, Q. velutina Lam. 

The condition found in the tree at Con- 
way might occur sporadically in any spe- 
cies of oak, for they all have six ovules 
in the pistil. The explanation that ab- 
normalities similar to the one reported by 
Harvey are due to multi-seeded acorns is 
more logical and more natural. The in- 
teresting feature which concerns the 
tree at Conway is the fact that this con- 
dition has persisted over a period of 23 
years, even after severe pruning of the 
upper branches. 
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4. = J. M. Polyembryony. Bot. Gaz. 64:184. 


. Hartig, Theodor. Naturgeschichte der  fir- 
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GEMMAE OF FUNARIA HYGROMETRICA 


E. ELiIzABETH BARKLEY 


J. Sterling Morton High School, Cicero, Illinois 


Although the gametophyte and the 
sporophyte of Funaria hygrometrica have 
been studied as much, or more, than any 
other moss, little attention has been 
given to the development, structure and 
regeneration of the gemmae. Janzen 
(5), Correns (2), Goebel (3), and Schim- 
per (6) have observed, mentioned and/or 
illustrated what they termed “Brut- 
kérper” or “Brutknollen.” “Brutknollen” 
of Funaria, illustrated by Schimper, do 
not resemble those observed in this 
study. (1) “Brutkorper,” similar to those 
of Funaria, have been observed in other 
mosses (2, 3, 6, 7). 

Capsules of Funaria hygrometrica were 
collected one-half mile west of Burn’s 
Ditch Bridge on route U. S. 12 on the 
south side of the highway during June, 
1937. The spores of these capsules were 
sown on damp, sterilized soil in 5 inch 
deep, 9-inch flower pots, and covered with 
specially made celluloid lids which per- 
mitted adequate ventilation. All cultures 
were watered from below with a weak 
potassium permanganate solution. 

The average size of a protonemal cell 
from a soil culture is 18 microns in 
width by 73 microns in length. On or 
near the 28th day after the spores were 
sown many of the terminal cells of the 
protonema had developed gemmae. While 
the cells of the protonema vary greatly 
in length, it is apparent that from one 
to several of these cells may have par- 
ticipated in the development of gemmae 
(figs. 1-2). Cross walls were laid down 
at rather regular intervals cutting the 
original cell, or cells, into short ones 
which, when elongated, were about 51 
microns. These short cells grew in width 
to 44 microns. Thus those newly formed 
were nearly isodiametric. Frequently, 
very short ones occurred separating sev- 
eral short cells in the branch from others. 
These shorter cells were sometimes well 
supplied with chloroplasts and at other 
times hyaline. When hyaline the branch 
easily broke away from the remaining 
cells. Within a few hours after walls 
had been formed at right angles to the 
axis, other walls parallel to the axis 


were laid down. Often a single short 
cell divided twice longitudinally. Other 
cells divided diagonally. Eventually, 
many of these newly formed cells became 
almost spherical or hemi-spherical. Cells 
remaining rectangular in outline were 
thicker through the center than on the 
edge. 

Division continued until a column or 
a grape-like cluster was developed (figs. 
3-5). These columns and clusters varied 
greatly in length, but some of the long- 
est were not more than 250 microns to 
300 microns. When young the cells were 
thin-walled and contained many chloro- 
plasts. These columns and clusters were 
often branched and eventually were cut 
from the plant by a hyaline cell which, 
being brittle, separated the cluster from 
the plant at the slightest touch. Gurlitt 
(4) observed short hyaline cells in 
Funaria hygrometrica, which she called 
Trennzellen, since they separated a short 
living portion ¢érom another living por- 
tion of the protonema. 

When transplanted to agar each thin 
walled cell of a gemmae regenerated a 
protonema within 28 days during the 
short cloudy days of winter. In the sum- 
mer such cells taken from the apex of a 
leafy plant were mounted in water on a 
slide and kept in a moist chamber. With- 
in 20 hours after mounting, the terminal 
cell of many of these groups had regen- 
erated a protonema. By the time leafy 
plants were well established these struc- 
tures and the remainder of the protonema 
had disappeared. 

During an interval when the work was 
discontinued, ten 9-inch flower pots con- 
taining soil cultures of Funaria were 
stacked in a column in a corner of a4 
room in the University of Chicago green- 
houses. In May all but one of these 
appeared dead and were discarded. The 
one showing some life was watered and 
placed in the room exposed to the sun- 
light. This culture soon appeared to be 
dead and the pot was pushed under a low 
greenhouse table and left unattended 
until July 21, when it was again watered 
and placed in a cool room of the green- 
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house under diffused light. Four days 
later signs of life were evident. Micro- 
scopic examination disclosed gemmae 
similar to those described above. They 
differed in several respects from those 
previously observed (figs. 1-4). They 
were dark brown in color, without chloro- 
plasts, and possessed thick cell walls in 
contrast to the thin walls of the cells 
well supplied with chlorophyll which ap- 
peared early in the life history of the 
plant (Figs. 6-8). The apparent rejuvena- 
tion of this culture was the result of the 








germination of these structures (fig. 10). 
A few chloroplasts had by this time ap- 
peared in the old cells of the germinating 
gemmae. 

In the summer of 1940 plants bearing 
mature gemmae were placed on agar and 
covered with the Petri dish cover. A day 
later young leafy plants had developed 
directly from these gemmae. Observa- 
tions indicate that protonemata develop 
from either young or mature gemmae of 
few cells, but leafy plants develop direct- 
ly from the more complex mature gem- 





PLaTteE 1.—GeEmMMAE OF Funaria hygrometrica. 
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mae, that is, from those clusters com- 
posed of a number of thick walled, brown 
cells, (fig. 11). Such gemmae have been 
known to be viable for as long as eight 
months. 

Gemmae play an important role in the 
life of Funaria. Examination of moss 
tufts preserved during late winter re- 
vealed a dense thicket of young gemmae 
growing from the main axis of each 
plant. The culture from which this ma- 
terial was taken had been unattended 
for more than a month. In the fall of 
the same year a healthy, covered culture 
was left unwatered. A month later gem- 
mae were again established on the axis 
of the plants. This same culture was left 
in a school laboratory during the year 
and watered occasionally. The culture 
grew brown and in June the plants ap- 
peared dead. In June this pot was again 
placed under favorable conditions in the 
University of Chicago greenhouses. The 
brown, dried apices of the much 


branched plants turned green and grew 
a new crown of leaves. In cases where 
most of the old apex had been destroyed 
a multitude of gemmae developed (fig. 
9). Thus in a favorable environment 
Funaria hygrometrica may continue to 
thrive indefinitely even without the aid 
of spores. 
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A LIST OF DIAGNOSTIC CHARACTERISTICS FOR 
DESCRIPTIONS OF DICOTYLEDONOUS WOODS 


OswaLp Trippo, University of Illinois, Urbana, Illinois 


During the course of investigations of 
the wood anatomy of a number of di- 
cotyledonous families (23, 24), the writer 
has had occasion to compile an extensive 
list of the important diagnostic features 
of wood. In the belief that this compila- 
tion may be of use to beginners, and 
perhaps of some interest to professional 
wood anatomists, the writer has prepared 
it for publication. This catalogue in- 
cludes the important phylogenetic fea- 
tures (5, 14, 15, 16, 17, 23) as well as 
those whose phyletic value is not yet 
established, but yet which have proven 
to be of taxonomic import. 

As far as the writer knows, but two 
other lists of this character have been 
published. Clarke (11) has designed a 
short list for a card sorting device and 
Record and Chattaway (19) have pub- 
lished a more extensive list for the same 
purpose. 

Frequent citations of the more impor- 
tant, especially the more recent, papers 
have been made throughout the present 
list. Particular attention should be 
drawn to the important “Glossary of 
terms used in describing woods” (12) 
prepared by the Committee on Nomen- 
clature of the International Association 
of Wood Anatomists and to the books by 
Record (18) and Brown and Panshin (3). 


LIST OF DIAGNOSTIC FEATURES. 
Name of plant (indicate if young or mature by 
Y or M). 


Number of wood. 
Geographical distribution. 
Growth rings—present or absent. 
Width in ~ (measure 10 or more). 
Example: 30-40 
Most frequent range 35-38 
Mean 37 a 
Tracheids and fibers. 
Tracheids—(See 2). 
Ordinary type. 
Vasicentric tracheids. 
Vascular tracheids. 
Fiber-tracheids. 
Septate fiber-tracheids, 
Libriform wood fibers. 
tate wood fibers. 
Gelatinous fibers.—(See >. 
Wall thickness (radial wall)—(See 9). 
Very thin—lumen much greater than thickness 
of walls. 
Thin—lumen greater than thickness of walls. 
Thick—lumen less than thickness of walls. 
Very thick—lumen almost ~— closed. 
~*~ a © henna at least 1 


Large. 


Length—measure 100 from macerations (Record 
No. of measurements) (See 13, 21, 22). 
Range. 
Most frequent range. 
Mean, with standard error. 
Standard deviation, with standard error. 
Spiral thickenings, present or absent. 
Vessels - 
Number per sq. mm. (in X-section)—count 10 
or more fields. 


e. 
Most frequent range. 


Mean. 
Pore distribution. 
Solitary pores. Record % in each category 
Pore multiples. (and no. of pores in the group- 
Pore clusters. ings. (Ex. clusters 90%?-*). 
Pore chains. Sample 10 or more fields. 
Diffuse-porous. 


Semi-ring-porous. 
Ring-porous. 
Angular or circular in X-section. 
Thin or thick wall—measure a few walls 
Diameters—measure 100 in X-section (tangential 
diameter). 
Record no. of measurements. (See 9, 13, 21, 
(22). If ring-porous, take 50 in the early 
wood and 50 in the late wood. 
Range. 
oo frequent range. 
Mean, with standard error. 
Standard deviation, with standard error. 
Tyloses, present or absent. 
Few or many in sections. 
Few or many in individual vessels. 
Thin or thick walls (sclerotic). 
Contents. 
Pits. 
Perforation plates—(See 14). 
Exclusively scalariform. 
Scalariform and simple. 
Simple and vestiges of scalariform. 
Simple. 
Reticulate—(See 4). 
Foraminate 
Number of bars (in scalariform perforation plates). 


Range. 
Most frequent range. 
Width of Soiesations (if scalariform). 


Mostly. 
Perforations bordered or not (if scalariform)— 
(See 15). 


Complete border. 
Border to middle. 
Border at ends. 
Non-bordered. 
End walls. 
Oblique—express as angle. (Ex. 50° -80°). 
Transverse. 
Intervascular pitting—(See 16). 
Scalariform, 


Transitional. 


8 of pite— (See 19). 
Minute—less than 4 u 


Very 
— KS, pits. 


entagonal, etc. 
Gum .— in vessels. 
Color, abundance, location. 
Striations on vessels. 
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Vessel-parenchyma pitting. 
Scalariform. 
Transitional. 
Opposite. 
Alternate. 
Size—(See 19). 
Fine—not more than 74 
Medium—7 to 104 
Coarse—more than 104 
Shape. 
Circular, oval, elongated. 
Unilaterally compound. 
Length of vessel elements (total body length)— 
(Measure 100 from macerations). Record No. 
of measurements. (See 7, 13, 21, 22). 
Range. 
Most frequent range. 
Mean, with standard error. 
Standard deviation, with standard error. 
Spiral thickenings. 
Vascular rays. 
Abundance—No. 
Type—(See 17). 
Heterogeneous I. 
Heterogeneous IIA. 
Heterogeneous IIB. 
Heterogeneous III. 
Homogeneous I. 
Homogeneous II. 
Homogeneous III. 
Width (No. of cells wide). 
Range. 


per mm. (tangential section). 


Most. frequent range. 
eight. 


Uniseriate rays. 
Range. 
Most frequent range. 
Multiseriate rays. 
Range. 
Most frequent range. 
Pitting (between ray cells and other parenchyma 
cells). 
Size. 
Number—few, many, clustered. 
Lignified, or not. 
Perforated ray cells—(See 6). 
Intercellular canals. 
Latex tubes. 
Oil cells. 
Crystals-type, etc. 
Aggregate rays. 
Sheath cells. 
Tile cells. 
Sclerotic ray cells. 


Xylem parenchyma 


Abundance. 
Sparse, abundant, or absent. 
Distribution—(See 12 
Diffuse. 
Terminal. 
Initial—(See 10). 
Metatracheal—record No. of cells wide. 
Vasicentric. ‘ 
Aliform. 
Confluent. 
Pitting (between xylem parenchyma cells.). 
Size. 
Number—few, many, or clustered. 
Fusiform parenchyma cells. 
Septate parenchyma cells. 
Chambered parenchyma cells. 
Crystals—type, etc. 
Lignified. 
Sclerotic parenchyma cells. 


Other Features. 


Storied structure—state which elements. 
Crystals present. 
Location, type, etc. 
Pith flecks. 
Intercellular canals (gum, resin, or oil). 
Vertical or horizontal, or bo 
Normal or traumatic. 
Included phloem—(See 8). 
Vestured pits (in vessel elements, tracheids, or 
fiber tracheids)—-(See 1). 
Fibriform vessel members—(See 25). 
Disjunctive tracheids. 
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Disjunctive parenchyma cells. 
Photographs. 
Indicate slide and location on slide. 


10. 


11. 


17. 


18, 


19. 


20. 
21. 
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TECHNIQUES USEFUL IN THE STUDY OF FOSSIL PLANTS 
J. Hopart HoskKINS AND AUREAL T. Cross 
University of Cincinnati, Cincinnati, Ohio 
ABSTRACT 


Many techniques have been worked out 
after long hours of experimentation in 
the various paleobotanical laboratories 
throughout the world. Oftentimes the 
new methods are never published nor 
passed on to other workers. It is our 
purpose here to bring to light or revive 
some of those techniques which we have 
found most valuable in recent years in 
our laboratories. A few of the old tech- 
niques have been greatly modified, later 
ones have been elaborated upon and new 
ones have been discovered. 

It is often advisable to prepare casts 
and molds to preserve a record of the 
original condition of the material if it is 
found necessary to section the specimens 
for proper study. Air drying liquid rub- 
ber has recently been developed which 
may be applied to the specimen as a 
paint. After the desired thickness has 
been attained, a backing of cheesecloth 
is imbedded in an additional coat of rub- 
ber to make the mold hold its shape per- 
manently. The rubber mold may then be 
removed by lifting a corner and stripping 
it off. This mold preserves even the most 
minute details of the surface configura- 
tion including overhangs, and will never 
lose its shape. It is often advisable to 
make a plaster cast of the back of the 
rubber mold in which it may be placed to 
facilitate making positive casts later. 

The rubber mold should be dampened 
just before pouring the plaster into it in 
order that the plaster will not be with- 
held from minute surface markings by 
air bubbles. (Dip the mold in water and 
then remove all free water with a gentle 
stream of air.) A fine grade of plaster 
should be used. The rate of setting of 
the plaster may be slowed by using ice 
cold water. A strong solution of salt 
water will slow it even more. Gum arabic 
or glue may be added to the solutior to 
make the cast stronger. Water soluble 
paints of the desired color, i.e. the one 
most nearly simulating the matrix, may 
be suspended in the water before mixing 
it with the plaster. The plaster, when 
poured, should have the consistency of 
molasses, i.e. thick but not stiff. 

A method of, enlarging casts of speci- 
mens bearing definite surface configura- 


tions or of definite shape has been worked 
out. The rubber molds are made of the 
original specimen in the same way as 
those already described except that the 
cheesecloth backing must be omitted. 
The molds are then placed in kerosene 
and allowed to remain until they have 
expanded to about one and one-half times 
their original size. The mold is then 
carefully lifted out, the excess kerosene 
is taken up with a blotter and it is placed 
in a sand mold. This sand backing is 
almost necessary, for the rubber has lost 
much of its tensile strength and would 
break down under the weight of the 
plaster if unsupported. A plaster cast 
is then made of the rubber mold. From 
this enlargement another rubber mold 
may be made and the step repeated a 
number of times. Expansion is quite 
uniform throughout the rubber so that 
distortion in the enlargements is almost 
non-existent. If the first mold is taken 
from a plaster cast which has been col- 
ored as described above, part of the color 
will be transferred accurately to succeed- 
ing enlargements for about three or four 
steps. 


Photograpning original specimens is 
sometimes difficult due to surface mark- 
ings or mineral coloration. If the rubber 
mold of the original specimen is colored 
uniformly white by the precipitate of 
the fumes given off when ammonium 
chloride is heated in an ammonium chlor- 
ide tube, a picture may be made of the 
mold and these difficulties are overcome. 
It is best to overexpose and underdevelop 
both the negative and the prints. This 
increases the shadow and the contrast. 


Friable or wet impressions or casts of 
fossils may be preserved in the field in 
several ways. Rubber molds may be 
made of large casts or material which 
may not be moved either because of size 
or condition. Smaller specimens may be 
completely imbedded in Duco Cement to 
hold them together. This may be dis- 
solved off later with amyl acetate when 
preparing the material for study. Collo- 
dion and nitro-cellulose may be used to 
great advantage in imbedding dry ma- 
terial which is very friable. Nitro-cellu- 
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lose may be cheaply made by substituting 
movie film for parlodian or guncotton. 
The gelatin must be removed from the 
film with hot water before dissolving it 
in amyl acetate. Nitro-cellulose so made 
is equally as good as any other. A super- 
saturated solution of gum sandarac in 
water may be used to preserve material 
either wet or dry. This is the best pre- 
servative we have found for all around 
use and it is simple to make as well as 
inexpensive. It dries on the specimen 
into a clear, shiny film that is impervious 
to most acid fumes, water and dust. It 
does not shrink when put on a wet speci- 
men as does nitro-cellulose. 

Cutting and grinding specimens may 
be done in a number of ways. One re- 
cently improved upon in our laboratories 
is the use of fine wire with Aloxite or 
Carboruridum powder as the abrasive. A 
board has been fitted to a vise in the fol- 
lowing manner. Holes were bored into 


it to correlate with the position of the 
shaft of an ordinary commercial vise. 
The vise is then taken apart and the 
board inserted over the shaft which is 
then reassembled. At each end of the 
board, which extends about six inches on 
either side of the vise, a pulley is mount- 
ed rigidly upside down. The base of the 
pulley frame is cut out exposing the base 
of the pulley. The specimen to be cut is 
partially imbedded in sealing wax which 
may be clamped in the vise or fastened 
to the board. The wire is then drawn 
over one pulley, across the specimen and 
over the other pulley. These pulleys act 
as guides to insure a straight cut. Num- 
ber 36 gauge steel or tinned wire is found 
to be quite suitable along with number 
400 grade of grinding powder. With 
this simple device perfectly straight, al- 
most polished cuts may be made with 
the loss of only about 175 microns of the 
material. 





COMPOSITION OF THE GENUS CAREX IN ILLINOIS 


L. R. TEHON, Illinois Natural History Survey, Urbana, Illinois 


By specimens deposited in permanent 
herbaria and by reports in botanical liter- 
ature, no fewer than 162 species of Carex 
have been credited to Illinois. A portion 
of these species, as is to be expected, have 
been erroneously recorded for the state, 
partly because of wrong determinations 
in a notoriously difficult genus and partly 
because, earlier, the species conceptions 
within the genus were highly imperfect. 
Nevertheless, there still are recorded for 
Illinois, quite reliably, a total of 130 
species. This number is approximately 
24.4 per cent of all species recognized by 
Mackenzie’ for the entire ,North American 
Continent and exceeds by 23 species the 
number attributed by Deam? to the neigh- 
boring state of Indiana. 

With its more than 2000 species the 
world over, Carex has been divided into 
a large number of subgenera. On the 
North American Continent 71 of its sub- 
genera are represented, and in Illinois 40 
are represented. In Illinois no single 
subgenus predominates: the best repre- 
sented subgenus is the Ovales, with 14 
species; next is the Bracteosae, with 13 
species; and third is the Laziflorae, with 
10 species. There are 4 subgenera repre- 


sented by 6 species each, 2 by 5 species 
each, 3 by 4 species each, 6 by 3 species 
each, 7 by 2 species each, and 15 by 1 
species each. ; 

Of species and varieties at present rec- 
ognized as valid, Carex gravida Bailey, 
C. Bebbii Olney, C. tribuloides var. sanga- 
monensis Clokey, C. Meadii Dewey, C. 
rectior Mack., and C. subimpressa Clokey 
were originally named and described from 
specimens collected in Illinois. C. Ty- 
phina Michx., the name and description 
of which dates back to 1803, is recorded 
as having been found “in regione IIli- 
noensi.” 

No single species of Carex is confined 
in range to the state of Illinois. How- 
ever, one species, C. subimpressa Clokey, 
is at present known only from Illinois 
and Indiana. 

The majority of species are of wide 
range and reach into or pass through 
Illinois from other regions which can 
be deemed their principal ranges. Of 109 
such species, Fig. 1, 35 extend into or 
through Illinois from the north, 25 from 
the northeast, 24 from the east, 5 from 
the southeast, 9 from the south, 2 from 
the southwest, 6 from the west, and 3 


* Mackenzie, Kenneth Kent, Oyperaceae. In North American Flora, vol. 18, parts 1-7, pp. 1-478. 


1931 and 1935. 
2 Deam 


» Charles C. Flora of Indiana. Indiana State Department of Conservation, Indianapolis. 1940. 
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from the northwest. The obvious pre- 
ponderance of northern, northeastern and 
eastern species in Illinois could be ex- 
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plained as being due to the situation of 
the state near the western edge of the 
deciduous forest formation. 





WORTH = 35 species 
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Bicknellii lanuginosa alopecoidea 
brunnescens leptalea cephaloidea 
Buxbaumii limosa communis 
canescens oligosperma Davisii 
chordorrhiza pedunculatea gracillima 
NORTHWEST - Crawei prairea Haydenii 
3 species Deweyana retrorsa Hitchcockiana 
diandra rosea Jamesii stricta 
gravida disperna rostrata laxiculmis suberecta 
Sartwellii eburnea Richardsonii pallescens tenera 
sic cata flava scoparia pennsylvanica torta 
stipata plantaginea trichocarpa 
substricta platyphylla Tuckermani 
tetanica prasina typhina 
trisperma Schweinitzii 
umbellata Shortiana 
vesicaria sSparganioides 
vulpinodea sterilis 


NORTHEAST = 25 species 









EAST = 24 species 


alata glaucodea 
albursina gerenularis 
dlanda Grayii 
brachyglossa grisea 
bromoides gynandra 
Bushii laxiculmis 
Careyana lupulina 
cephalophora lurida 
comosa Muhlenbergii 
conoidea retroflexa 
crinita squarrosa 
digitalis tribuloides 





















SOUTHWEST = 2 species 


aggregata 
oligocarpa 


SOUTH = 9 species 





SOUTHEAST = 5 species 





Crus-corvi 
decomposi ta 
festucacea 
lacvivaginata 
straminea 








Fig. 1.—General ranges of 109 of the species of Carex 


composing the genus in Illinois. 

















PAPERS IN CHEMISTRY 


Extract FroM THE REPORT OF THE SECTION CHAIRMAN 
The Evanston meeting carried 13 papers, 10 of which are herewith pub- 
lished. The others were: 
Ee.orr, Gustav, and P. M. Arspe.u, Universal Oil Products Co., Chicago 
—Some modern products of the oil industry. 


SEILER, FranK J., Galesburg High School, Galesburg—Dehydration of 
hydrated CdBr, - 4H,0. 


ScumeErnea, G. M., Loyola University and Mundelein College, Chicago— 
The connotation. of the word ‘‘Chance’’ as employed in elementary 
physical chemistry and precautions urged to prevent misconceptions. 


Maximum attendance was 71. Chairman elected for the Urbana meeting 
in 1942 was N. D. Cheronis, 5556 Ardmore Ave., Chicago. 


(Signed) Grorce H. Reep, Chairman 
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HYDROGEN FLUORIDE AS A CONDENSING AGENT 


SypDNEY ARCHER 
Northwestern University, Evanston, Illinois 


The structures, H.F, H,F, and HF. 
which have at various times been as- 
signed to gaseous hydrogen fluoride have 
been shown by recent electron diffraction 
measurements to be incorrect and incom- 
plete. The new data indicate that the 
gas consists of polymers of indefinite 
length arranged in zig-zag fashion. 

The use of hydrogen fluoride has been 
exploited mainly in connection with cata- 
lysis. It has been found that the cata- 
lytic alkylation of benzene can be effected 
in its presence. A great variety of alkyl- 
ating agents can be used including olefins, 
alcohols, halides, ethers and esters. With 
the latter, acylation can also be accom- 
plished simultaneously. As a rule ter- 
tiary and secondary halides, acohols and 
ethers will react at room temperature, 
whereas with the compounds of the pri- 
mary type elevated temperatures are 
necessary. 

It has also been observed that acyla- 
tions occur in the presence of this cata- 
lyst. For example, acetophenone was 
produced from the interaction of acetic 
anhydride with benzene at 100° in the 


presence of hydrogen fluoride. Some acy- 
lations may proceed at ordinary tempera- 
tures. Generally polycyclic rings must 
be present before reaction will take place 
under the milder procedure. The simpler 
aromatic rings are acylated at 100°. Acid 
chlorides, anhydrides or carboxylic acids 
themselves are all equally capable of 
undergoing this reaction. 

The mechanism of the alkylation re- 
action is as yet unknown. On the basis 
of present evidence it is fairly certain 
that neither olefins nor fluorides may act 
as the active intermediates in the ‘con- 
densation. It is proposed that a carbon- 
ium ion resulting from the ionization of 
the alkylating agent is the one that so 
far most satisfactorily accounts for all 
the observations. The ionization may 
proceed in the following manner; 


RX+HF Ss R—X-H—F22R++X~-H—F- 
R*+ + C,H, —> R—C,H, + Ht 


Existing evidence seems to indicate 
that to a large extent the stability of the 
X-H—F~- ion determines the ease with 
which the reaction proceeds. 





THE SURFACE TENSION OF STRONG ELECTROLYTES 


MALCOLM DOLE 
Northwestern University, Evanston, Illinois 


The surface tension of, any interface 
must be interpreted first with respect to 
the Gibbs absorption equation which, in 
the general case, is 

dy = —2T, dus (1) 
For a simple binary system containing 
water and one solute, (1) can be written 
dy =—TIduz (2) 
where fr is the adsorption of the solute 
at the interface, and y» is the chemical 
potential of the solute. The adsorption 
is defined by the equation 
r= (C, eg C,) t 
we sy | (3) 
1000 
C, and C, being the concentrations in 
moles per liter in the surface layer and 
the interior of the solution, respectively, 


and t the thickness of the surface layer. 
The adsorption is expressed, therefore, 
in units of moles per sq. cm. of surface. 
The chemical potential of the solute, 
yw, is defined by the equation 
an, + RT1nC,.f, (4) 
f being the activity coefficient and w a 
constant. Equation (2) follows from (1) 
by measuring the surface layer from a 
point such that 
r = 0 
H,O (5) 
In more familiar terms (2) can be writ- 
ten as 


dy RT 
—— ss YT (6) 
d (C, f) C,f 
Equation (6) tells us that if the solute 
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accumulates at the surface, f positive, 
the surface tension will fall with rising 
concentration, as is the case with solu- 
tions of the fatty acids such as acetic, 
propionic, etc. On the other hand if rT 
is negative as it will be when the solute 
is repelled from the surface toward the 
interior of the solution, equation (6) 
predicts that the surface tension will rise 
witb rising concentration. 

When equilibrium has been attained, 
we may write the law of mass action 
equation, letting A represent the solute 
A(solution) <2 A(interfacial layer), (7) 
or 


—=K (8) 


C, 
where K is the equilibrium constant of 
(7). From the principles of thermody- 
namics it also follows that 
A —A G 


— =e RT (9) 
A 
C, 
where AG° is the free energy increase 
of (7) for the reactants and products in 
their standard states. (The surface 
standard state is thus seen to be different 
from the standard state in the interior 
of the liquid). Omitting the unnecessary 
superscript A, and combining (9) and 
(3) we see that 
—A G° 





r=C,(e RT — 1) 





(10) 
1000 

If the work required to bring the solute 
to the surface is large, AG° positive and 
large, T will be negative and the surface 
tension will rise with rising concentra- 
tion as it does in the case of sucrose 
solutions; conversely a negative value 
for AG means free energy evolved on 
adsorption, © will be positive and the sur- 
face tension should fall with rising con- 
centration, as it does for most solutions 
of organic substances. 

What may we expect the surface ten- 
sion of ionic solutions to be? Consider 
an ion suspended in the vapor phase over 
a flat surface of water. It will be strongly 
attracted to the water because of the ion- 
dipole forces; in fact estimates show that 
the energy evolved when one mole of an 
ion passes from a vacuum to the interior 
of water is relatively enormous, from 50 
to 100 kilocalories per gram ion. Most 
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of the energy has probably been liberated 
by the time the ion has reached the sur- 
face layer, but there is still enough ion- 
dipole attraction to pull the ion toward 
the interior of the solution. For a point 
size ion, the attractive force is readily 
shown to be given by the equation 


q’ D—1 
4x*Di} D+ 1 
where q is the charge on the ion and x 
is the distance from the interface. Equa- 
tion (11) tells us that only when x be- 
comes infinite, does the force on the ion 
pulling it toward the interior become 
equal to zero; however, this can be shown 
to be an absurd conclusion because it 
means that all the ions in a solution 
would be repelled an infinite distance 
from the interface with a consequent in- 
finite value to the slope of the surface 
tension concentration curve. Actually, 
ions are not repelled an infinite distance 
from the interface and the surface ten- 
sion does not rise infinitely greatly as the 
concentration increases. 

It is interesting to note that the Debye- 
Hiickel theory of solutions provides us 
with the explanation of this apparent 
anomaly. As the solution becomes more 
concentrated, an ionic atmosphere is set 
up about each ion which in effect tends 
to screen the ion from the dipole attrac- 
tions. The dipole attraction can be con- 
sidered as a repulsion from the interface; 
the repulsion being between the ion in 
question and its “mirror image” in the 
vacuum at an equal distance above the 
water surface. The ionic atmosphere 
about the ion limits the thickness of the 
surface layer, the layer in which the ion 
concentration is depleted, to a distance of 
the same order of magnitude of the thick- 
ness of the ionic atmosphere, 1/K) where 
K is the well known parameter of the 
Debye equation. 

Making use of the Boltzmann distribu- 
tion law, of Equations (11) and (10) and 
of the general equations of the Debye 
theory, Onsager and Samaras’ have been 
able to compute the course of the surface 
tension concentration curve for sym- 
metrical strong electrolytes. For uni- 
univalent electrolytes the equation is 
¥ 79.517 1.143 x 10-* (DT)* 
= 1+ C log 
Yo D yo Cc (12) 
As the logarithm term of Equation (12) 
is positive in the concentration range of 








(11) 
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validity of the equation, the Onsager 
theory means a rise in the surface ten- 
sion as the concentration increases. The 
first experimental measurements of sur- 
face tension in very dilute solutions were 
those of Jones and Ray’ who found, most 
surprisingly, a decrease in surface ten- 
sion as a function of the concentration 
up to a concentration of 0.001N; above 
this concentration the surface tension 
rose in a manner suggestive of Equation 
(12). The significance of Jones and Ray’s 
data in the light of the fundamental 
Gibbs equation was discussed at length 
by Dole* who developed a statistical 
theory of surface tension leading to the 
equation 








y RT .t.C RT 
—= 1 —— a In 
Yo yo 1000 Yo 
C-t 1000 
* a aS (13) 
WY/RT 
ae 


where a is the number of surface loca- 
tions per sq. cm. available for adsorp- 
tion, and W is the adsorption potential. 
If the adsorption potential is high and 
positive, Equation (13) reduces to 

Y RT tC 

Phish Seid hs aera (14) 

1000 

an cumshot which satisfactorily repro- 
duces Jones and Ray’s data for sucrose 
solutions. If W is negative, the logarithm 
term (at low concentrations) may far 
outweigh the second term of Equation 
(13) yielding the equation 
OY aRT 
— = — ———_ Ih 
Yo Yo 


C. t,/1000 
1 + ——_—_ 
| W/RT | (15) 
ae 


valid for solutions of fatty acids. 

By proper choice of the parameters a 
and W, Equation (13) can be fitted nicely 
to Jones and Ray’s data, but the treat- 
ment seems unreasonable for the follow- 
ing reasons: First, the value for a, the 


number of adsorption positions per sq. 
em., is only 1/100,000 the number of 
water molecules on the surface. There 
is no good reason to believe that the 
water surface would become saturated 
with ions with so few adsorbed on the 
surface. Second, there is no known me- 
chanism to account for any attractive 
force. 

Langmuir‘ has attempted to explain 
Jones and Ray’s data on the basis of a 
water film held to the quartz surface of 
the capillarimeter by 4-potential forces, 
the thickness of the film as a function of 
height being given by the equation 


= (EES 


When salts are added to the pure water, 
the film disappears producing an effective 
increase in the radius of the capillary 
tube with a corresponding drop in the 
height of rise and an apparent fall in 
the surface tension. Langmuir’s explana- 
tion was held to be doubtful by Dole 
and Swartout® who confirmed Jones and 
Ray’s results using a differential twin- 
ring surface tensiometer. In this case 
there is, apparently, no vertical film of 
the type postulated by Langmuir. 

However, we cannot yet assume that 
Jones and Ray’s observations and the 
observations of Dole and Swartout rep- 
resent true surface tension values. This 
is particularly true in as much as Long 
and coworkers® at Cornell University find 
that the surface tension of potassium 
chloride solutions as measured by a dif- 
ferential maximum-bubble pressure meth- 
od follows along the Onsager and Samaras 
curve without the minimum of the Jones- 
Ray effect. 
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INVESTIGATIONS ON 3-HYDROXY-5-CHOLENIC ACID 


MELVIN F. W. DUNKER AND Byron RIEGEL 
Northwestern University, Evanston, Illinois 


The ready availability of the bile acids 
makes them convenient starting materials 
for numerous conversions and syntheses. 
In the work reported in this paper, 3- 
hydroxy-5-cholenic acid resulting from the 
oxidation of cholesterol has been used. 
It is our purpose to study various means 
of building up natural compounds and 
of improving methods for the degrada- 
tion of hydroxy bile acids to substances 
having possible androgenic, progestational 
and cortical hormone activity. 3-hydroxy- 
5-cholenic acid has a nuclear double bond 
and a secondary alcohol group that must 
be protected during the course of de- 
gradative or synthetic reactions on the 
aliphatic chain. It was thought that labile 
ethers, that is, ethers which could 
readily be removed when desired, would 
be the ideal means of protecting the hy- 
droxyl group on C atom No. 3. 

One of the first ethers chosen for this 
purpose was the trityl (triphenylmethyl) 
ether. The compounds were reperted to 
be stable to alkaline reagents but easily 
hydrolyzed by mineral acids. This study 
has shown that the trityl group is re- 
placed by the acetoxy group when the 
compounds are refluxed in glacial acetic 
acid or removed upon treatment with a 
Grignard reagent under even the mildest 
conditions. 

In this work, it was found convenient 
to use the methyl ester since the free bile 
acid is highly insoluble. The methyl 
ester was prepared in nearly quantitative 
yields (averaging above 90%) upon re- 
fluxing a solution of the acid in anhy- 
drous methanol containing 3% HCl. The 
trityl ether was prepared in 85-88% 
yields when perfectly dry methyl 3-hy- 
droxy-5-cholenate was heated on a steam 
cone for 8 hours with trityl chloride in 
absolutely anhydrous pyridine. 

The direct benzylation of hydroxylated 
steriods has proven difficult. When methyl 
3-hydroxy-5-cholenate was treated with 
benzyl chloride and pyridine under the 
rigorous anhydrous conditions employed 
in the tritylation, no benzyl ether was 
obtained. Likewise, the preparation of 


the benzyl ether by variations of William- 
son’s synthesis did not prove successful. 
The method employed by Stoll for the 
preparation of the benzyl ether of choles- 
terol was applied to methyl 3-hydroxy-5- 
cholenate. Attempts to prepare the p- 
toluene-sulfonate of 3-hydroxy-5-cholenic 
acid were unsuccessful. Therefore, the 
methyl ester was employed. When the 
methyl 3-p-toluenesulfonoxy-5-cholenate, 
prepared from the methyl ester, p-toluene 
sulfonyl chloride and pyridine at room 
temperature in 90-93% yields, was heated 
with benzyl alcohol on a steam cone for 
5 hours, there were obtained 55-61% 
yields of 


CHs 
' Ha Ka Be) 
B= C- C- C- 0 = GaQle 


0,H,CHa0 


This compound exists in dimorphic forms 
melting 87-88° and 108.5-109.5°. The 
lower form can be converted to the higher 
melting form. This ether is stable to 
treatment with Grignard reagent and 
stable to 2 hours refluxing with glacial 
acetic acid. 

In recent years the elucidation of the 
structure of the dextro or i-ethers by 
Stoll makes it seem that these compounds 
may prove useful in this work. 


CHs 
& 
_ CHa — CHa - C = OCKs 


! 

OCH; 
The 3-hydroxyl and the double bond are 
blocked eliminating the necessity of 
bromination and later debromination. The 
i-linkage can be broken up by refluxing 
with acetic acid, yielding the normal 
acetate which can then be saponified to 
liberate the hydroxyl group. 
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THE SYNTHESIS OF CANCEROGENIC HYDROCARBONS 
CLOSELY RELATED TO THE STEROIDS 


Marvin H. Gotp AND Byron RIEGEL 
Northwestern University, Evanston, Illinois 


Studies of the carcinogenic activity of 
methylcholanthrene and _  cholanthrene 
have shown that they surpass in potency 
all other hydrocarbons previously investi- 
gated. From these results it might be 
inferred that cancerogenic hydrocarbons 
may arise in the living organism by the 
abnormal metabolism of steroids. To 
further elucidate this hypothesis, investi- 
gations have been pianned to extend the 
studies of aromatic hydrocarbons related 
to the sterol nucleus. 

At the present we are chiefly concerned 
in the synthesis of a number of deriva- 
tives of 3'-substituted-1,2-cyclopenteno- 
phenanthrenes (1),, 3-substituted (II), 
and  3,3’-disubstituted-1,2-cyclopenteno- 
phenanthrenes (III). 


R 


Previous syntheses of other molecules of 
this type have not been found practical, 
mainly because it is difficult to obtain 
the final product in sufficient quantity for 
complete biological assay. Therefore, it 
was necessary to find a good, general 
method which could be used for a whole 
series of compounds. An important in- 
termediate for such a process is 3'-keto- 
1, 2-cyclopentenophenanthrene. 

Catalytic reduction of phenanthrene, 
using copper-chromium oxide catalyst 
gives practically pure 9,10-dihydrophen- 
anthrene.’ This is readily acylated in the 
2-position by means of an acid chloride 
with aluminum chloride.? In this way a 
p-bromopropiony! group was introduced 
into the 2-position. However, cyclyzation 
has been shown to go almost completely 
to the 3-position,® Whereas the unhydro- 
genated phenanthrene nucleus, directs 
cyclyzation to the desired 1-position. All 
attempts to dehydrogenate the 2(w-bromo) 





propionyl]-9,10-dihydrophenanthrene or its 
ether derivatives lead to decomposition 
and polymerization, probably due to re- 
activity of g-substitution. Such an at- 
tack was, of necessity, finally abandoned. 

At the present time two other methods 
of synthesis are being explored; which 
appear to be of a more promising nature. 
By the nitration of 9, 10-dihydrophenan- 
threne a good yield of the 2-nitro deriva- 
tive can be obtained.* This is readily 
reduced to the amine either catulytically 
or with stannous chloride and hydro- 
chloric acid. The resulting amine has 
been dehydrogenated with sulfur at 250- 
300° in good yield to give 2-amino-phe- 
nanthrene. An alternative method .of 
preparation of this amine is thru the 


RR 


IIT 


Beckmann rearrangement of the oxime 
of 2-acetylphenanthrene, which has been 
prepared in good yield by sulfur dehy- 
drogenation of the 9, 10-dihydro deriva- 
tive. The amine was then converted to 
the 2-bromophenanthrene by Bachman’s* 
procedure. At the present time experi- 
ments are under way to prepare the 
2(w-bromo)-propionyl phenanthrene by 
condensation of g-bromo-propionyl chlo- 
ride with either the magnesium or cad- 
mium derivative of 2-bromophenanthrene. 
This product, when obtained, will be cy- 
clysized with sulfuric acid to prepare the 
desired 3'-keto-1, 2-cyclopentenophenan- 
threne. The keto compound can then be 
condensed with various Grignard re- 
agents to give compounds of type I, above. 

The second series of reactions now 
being studied lends itself to the prepara- 
tion of compounds of type II and III. 
Here the starting material is q-naphthyl- 
nitrile, which is caused to condense with 
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COCHR | COCHBrR 


Or” Ve 





aliphatic Grignard reagents to give com- 
pounds like IV. These are then treated 
with bromine to give abromo ketones 
(V), which are then condensed with 
sodio-malonic ester to give g-(1-naph- 
thoyl)-s-alkyl propionic acids (VI). Sub- 
sequent Clemmensen reduction and ring 
closure gives 1-keto-3-alkyl-1,2,3,4-tetrahy- 
drophenanthrenes® (VII). Condensation 
of VII with oxalic ester places a carbe- 
thoxy group in the 2 position and this is 
then followed by condensation of the 
ketone group with g-bromopropionic ester 
to give, after dehydration, the compound 
Vill. A Dieckmann ring closure, fol- 


R 
CH-CHCEOH 


C9 yy lee 2 =O 
Ww Ww 








lowed by decarboxylation should give a 
compound which could be readily dehy- 
drogenated to the desired 3-alkyl-3'-keto- 
1,2-cyclopentenephenanthrene. 
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ACYLALS' 
FRANK O. GREEN, Greenville, Illinois 

Hurd and Cantor? have suggested the name ‘Acylal’ for the product formed when 
the hydroxyls in the aldehydrol form of an aldehyde are replaced by ester groups. 
Therefore when one hydroxyl is replaced by an ester group and one by an alcohol 
group, the product may be called a mixed acetal-acylal. 

When a sodium salt of an organic acid is shaken with a hemiacetal chloride, an 
exothermic reaction takes place whereby the acetal-acylal and sodium chloride are 
produced.* It is necessary to use an excess of the salt or rapid decomposition sets 
in, with the resultant production of a red tar-like material. The reaction appears to 
be general. 


~ 9 H 
‘4 
R- C - 0 - CHeR' + Na - 0 - C - R® ——» R - C - O - CHaR' + NaCl+heat 
. a 
o1 0 -C’- RY 


The hemiacetal chloride may be produced by the action of dry HCl gas on a cold, 
equimolecular mixture of alcohol and aldehyde. The procedure is a modification, 
similar to that due to Shoemaker and Boord,* of the Henry method. 


H H 
t 
R- C= 0 + R'CH20H + HOl ——> R - C-O - CHaR' + H20 
' 
ol 


The yields of acetal-acylal based upon crude hemiacetal chloride vary from forty 
to sixty percent of the theoretical, with an indication of better yields as based upon 
pure chloride. The densities of the compounds prepared vary from ninety-seven 
hundredths to eighty-nine hundredths, with increasing molecular weight. The 
molecular refractivities agree with theory. At twenty-five millimeters pressure the 
boiling points increase approximately ten degrees for each CH, unit added, regardless 
of its relative position in the molecule. If, pure, dry, and free from acid, the com- 
pounds are stable for some months. 

/o— 
The R—C linkage in the compounds is apparently more of the acetal than 
on 
the ester ae The compounds are somewhat resistant to alkali hydrolysis and are 
very responsive to acid hydrolysis. 

At the present it seems quite likely that Grignard’s reagent reacts with the com- 
pounds just as would be predicted, to produce a primary, a secondary, and a tertiary 
alcohol. 


H 
i : 
R—C - O — CHaR' 
\ 0. + 3) Mex HQ R- C-$ + RICHSOH + RY -0-@ 
0-c¢- R" 1 u 
OH OH 


The compounds appear to produce the titanium chloride complexes analogous ta 
those prepared by Pacsu'5 from similar structures in glycosides. The reaction takes 
place with great ease at room temperature, becoming violent unless a diluent is used. 
Approximately twenty new compounds have been prepared this year. 


1This work is a continuation of work begun at Northwestern University. The author is 
indebted to the Illinois Academy of Science for a Research Grant; and to, Dr. Lauder of the 
Pet Milk Laboratories for the use of a Carbon-Hydrogen Combustion Apparatus. 

2 Hurd and Cantor, J. Am. Chem. Soc., 60, 2678, footnote 8 (1938). 

? Shoemaker and Boord, J. Am. Chem. Soc., 53, 1505 (1931). 

*A similar procedure was used by Farren, Fife, Clark and Garland, J. Am. Chem. Soc., 47; 
2421 (1925) for the preparation of formylals. 

5 Pacsu, Ber., 61, 1508 (1928). 
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A STUDY OF THE OXIDATION OF TRIVALENT 
MOLYBDENUM 


SisteR Mary MARTINETTE, B.V.M., Mundelein College, Chicago 
L. F. Yntema, Saint Louis University, Saint Louis, Missouri 


That the oxidation of trivalent molyb- 
denum may be carried out with consider- 
able ease is evidenced by the fact that 
certain trivalent molybdenum compounds 
in solution are readily oxidized by at- 
mospheric oxygen. Since trivalent mo- 
lybdenum is oxidized from a valence of 
positive 3 to a valence of positive 6 and 
Mo!’ and Mo’ are known, it is to be ex- 
pected that the oxidation proceeds in the 
following manner— 

Mo™ > Mo! — Mo’ —_ Mo"! 
In this work, the oxidation of molybde- 
num was followed very closely by means 
of potentiometric titrations, with bime- 
tallic electrode pairs and an electron tube 
used in the circuit. Various oxidizing 
agents, addition agents, and acid concen- 
trations were employed. The resulting 
data were plotted to give the titration 
curves for the oxidation of molybdenum. 

The results, while not so complete and 
satisfactory as we had hoped they would 
be, have opened a field for further re- 
search. The work is being continued at 
Saint Louis University, where this project 
was begun. In the past, several articles 
on the oxidation of trivalent molybdenum 
have appeared. In most cases there was 
question of the oxidation Mo'’> Mo’. 
However, Jakob and Michalewicz’ con- 
cluded from their experiments that the 
potential of a Mo’ solution was not nearly 
so great as that of a Mo!'” solution and 
consequently when the Mo™=Mo!’ oxida- 
tion appeared the Mo'’> Mo’ oxidation 
would not appear, and when the Mo'’- 
Mo’ oxidation appeared the Mo'™- 
Mo!’’ oxidation would not. 

These investigations led us to carry 
out oxidation experiments on reduced 
potassium molybdate solutions and on 
potassium chloromolybdate solutions un- 
der varying conditions, in an effort to 
explain further the oxidation steps. The 
measurement of amplified potential dif- 
ferences between bimetallic electrodes ap- 


2 Goode, J. Am. Chem. Soc., 44, 26 (1922). 


peared to offer good results so we as- 
sembled the apparatus shown in fig. 1. 
This set-up was a modification of that of 
Goode*®. Since it is not possible to obtain 
accurate results by means of potentio- 
metric measurements when an extremely 
small amount of current is being drawn 
from the cell under investigation or when 
the cell resistance is abnormally high, a 
five-electrode tube was introduced into 
the ordinary potentiometric circuit. Our 
particular tube was an RCA 6K7. 
Among the electrode pairs used were: 
Platinum-Chromel 
Platinum-Nickel 
Platinum-Polarized platinum 
Nickel-Chromel 
The platinum-chromel pair gave by far 
the best results in the preliminary titra- 
tions and consequently was used through- 
out. Both the oxidizing and the reduced 
solutions were approximately N /10 but 
the strength of the acid mediums was 
much greater. The K,Mo0O, solution was 
standardized by the accepted method‘. 
This same technique was used through- 
out to reduce the molybdenum, but the 
Mo™ was run from the Jones reductor 
into a reaction vessel filled with CO.. 
The CO, atmosphere was necessary to 
prevent oxidation by the air. 
The oxidizing agents used were: 
1. Ceric sulfate, 
2. Potassium permanganate, 
3. Ferric salts, 
4. Potassium dichromate. 
The various reaction mediums were: 
1. H,SO, (N, 0.4N, 0.6N) 
2. HCl (2N, N, 0.4N) 
3. Zimmermann-Reinhardt solution 
(20-25°C. and 60-70°C.) 
4. H,PO, (1.5 N.) 
The addition reagents were: 
1. MnSO, 
2. NH,F 
3. MnSO, and NH,F 
4. Ce (SO,). 


1 Jakob and Michalewicz, Rozeniki Chem., 12, 676-588 (1932). 


Willard and Fenwick, J. Am. Chem. Soc., 44, 2516-2529 (1922). 
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Ceric sulfate has advantages over potas- 
sium permanganate as an oxidizing agent 
because it may be used in chloride solu- 
tions, is stable over long periods of time 
and has a potential close to that of the 
permanganate. 

The curve shown in fig. 2 is that of 
Mo"! in H,SO, titrated with Ce (SO,).. 
The theoretical and actual end-points do 
not coincide, and there is no evidence of 
the oxidation Mo'’——> Mo’. Using Mo'™ 
in HCl, we obtained a curve in which 
the end-points again fell short of the 
theoretical end-point, and there was a 
break which corresponded to the Mo!’ 
— Mo’ end-point, fig. 3. Addition agents 
did not improve these results. In gen- 
eral, the ceric sulfate titrations proved 
unsatisfactory. If a Mo'™!— Mo!’ oxida- 
tion occurred, there was no evidence of 
a Mo'’—~Mo’ oxidation, and vice versa. 
An important contributing factor might 
be the inability to regulate the pH of the 
molybdenum solution when the oxidizing 
agent was added. The ceric sulfate itself 
is strongly acid, and the potentials of 
oxidants will vary with pH. 

Titrating the Mo"! with KMn0O, in 
H.SO, solution did not produce the de- 
sired curve, so the potassium chloro- 
molybdate solution was used in a Zim- 
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mermann-Reinhardt solution, fig. 4. While 
this titration proceeded rather smoothly, 
the Mo'’—>Mo’ reaction was not indi- 
cated. When the titration of K,MoCl, 
was repeated, this time in a sulfuric acid 
solution, a curve, fig. 5, was obtained, in 
which the break Mo'’—->Mo’ was evident 
but not the Mo™—>Mo’’ end-point. The 
titration of Mo'™! in H,SO, with KMn0O, 
in the presence of Ce(SO,). gave a very 
strange curve, fig. 6. The drop in poten- 
tial difference might indicate that the 
potential for Mo'’Y—>Mo’ is lower than 
that for Mo™—>Mo!’, as suggested by 
Jakob and Michalewicz. The titration of 
reduced K,MoO, in Zimmermann-Rein- 
hardt solution with KMnO, gave a very 
nice break in the curve for the oxidation 
Mo'’—>Mo?’, fig. 7. 

Since at no time did we obtain a curve 
in which three steps in the oxidation 
were clearly indicated, it seemed advis- 
able at this point to try oxidizing agents 
which would carry the oxidation only 
from Mo"! to Mo’, as there was no ques- 
tion of the possibility of oxidation to 
Mo*!. Ferric salts were chosen for this 
purpose. In the case of Mo™! in H,SO, 
titrated with ferric sulfate, the oxidation 
proceeded nicely, giving us both the Mo'™ 
—>Mo’’ and the Mo'’——> Mo’ breaks in 
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‘ Hillebrand and Lundell, Applied Inorganic Analysis, p. 250-252. 
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the curve, fig. 8, though, again, the theo- 
retical and actual end-points were not 
the same. 

In conclusion, it is evident from these 
data that the oxidation of molybdenum is 
not so simple as one might expect. It 
presents several complications which are 
not readily explainable. Why the oxida- 
tion from Mo"! to Mo!’ takes place in 
H,PO, and not in HCl and H,SO, solu- 
tions when titrated with KMn0O,, in the 
absence of addition reagents, is a matter 
for further investigation. One possible 
explanation is based on the assumption 
of the formation of stable complexes 
which are not readily attacked by KMnQ,. 

Careful experiments have shown that 
the possibility of air oxidation in these 
titrations did not exist. However, in any 
one of the titrations when the total time 
of titration was longer than two hours, 
the amount of oxidizing agent required 


fell far below the theoretical amount. 

The appearance of the Mo'’—>Mo’ end- 
point too early in the oxidation and the 
subsequent oxidation of MoY', giving a 
complete oxidation long before it is to be 
expected, is not to be explained by any 
ordinary chemical means. There appears 
to be an oxidant other than KMn0O, pres- 
ent, yet what it might be is not known. 
Spectrographic examination of the solu- 
tion as the oxidation is being carried out 
might lead to a solution of the problem. 
Such analysis might show the presence 
of the complex ions which we feel may be 
present in the solutions. 
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SEPARATION AND IDENTIFICATION OF SUGARS 
FROM MIXTURES 


R. W. Liacett, K. M. Gorpon AND CHARLES D. Hurp 


Northwestern University, Evanston, Illinois 


In the attempt to develop methods for 
the separation and identification of sugars 
in mixtures several derivatives have been 
studied. The indirect methylation pro- 
cedure (1938) is suitable for analytical 
separation by vacuum distillation of mix- 
tures of mono-, di-, and trisaccharides but 
has not been found capable of develop- 
ment for further separation within these 
groups. Study of procedures involving 
crystallization of osazones, triphenyl- 
methyl ethers, acetyl derivatives, and 
others has not proven satisfactory. Crys- 
tallization of the derivatives made from 
carbohydrate mixtures does not result in 
a smooth separation of the components. 
Trixenylmethyl ethers of xylose, glucose, 
galactose, maltose, lactose, trehalose were 
prepared. All are crystalline solids but 
these derivatives also were ineffective in 
helping to separate mixtures. 

Satisfactory separations have been 
achieved by means of completely pro- 
pionylated derivatives of sugars, prepared 
by action of propionic anhydride and 
pyridine on the sugar. Several of these 


propionates (maltose, gentiobiose, tre- 
halose, sucrose, xylose, arabinose) are 
readily crystalline. All are distillable at 
low pressures (0.01 to 0.0001 mm.) in a 
special apparatus, even raffinose hende- 
capropionate. Since the propionyl group 
can be cleaved, after distillation, into ap- 
propriate fractions without rupture of the 
glycoside linkages, it is possible to con- 
vert non-crystalline propionates into other 
crystalline derivatives. Investigations of 
such mixtures as acid-hydrolysed corn 
sirup, hydrol, malt extract, etc., have al- 
ready given fruitful results with this 
method. Gentiobiose has been isolated in 
ten percent yields as crystalline gentio- 
biose octapropionate from the disaccharide 
portion of hydrol. Maltose has been iso- 
lated similarly as crystalline maltose 
octapropionate from both non-diastatic 
malt extract and acid-hydrolyzed corn 
sirup. In addition, a convenient analysis 
of sugar mixtures has been developed, 
the essential features of which are pro- 
pionylation and subsequent distillation of 
the sugar propionates at low pressures. 
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THE STRUCTURE OF MIXED HYDROGENATION 
CATALYSTS 


HUMBERT Morris 
Northwestern University, Evanston, Illinois 


Benzene can be reduced to cyclohexane 
by hydrogen only in the presence of a 
catalyst. Ipatieff, Corson and Kurbatov* 
have shown that pure copper is ineffec- 
tive as a catalyst, producing measurable 
reduction only at high temperatures and 
pressures. They have also shown that 
small amounts of nickel in the copper 
make it active as a catalyst. Where there 
is as little as 50 parts per million of 
nickel, in 90 seconds contact time at 
225° C., they obtain 4% hydrogenation. 
Ipatieff, Corson and Kurbatov also found 
that these nickel-activated copper catal- 
ysts experienced an irreversible deactiva- 
tion when they underwent prolonged 
heating at 400° C. 

Nickel is ferromagnetic, but it is readily 
soluble in copper, and dilute solutions of 
nickel in copper are not ferromagnetic.’ 
Thus, magnetic measurements can show 
whether a copper-nickel system consists 
of mixed crystals or of a solid solution 
of nickel in copper, or of both a solution 
and mixed crystals. Dr. P. W. Selwood 
and the writer have therefore made par- 
allel measurements of ferromagnetism 
and catalytic activity in an effort to de- 
termine the nature of the change that 
reduced the activity of the catalyst. 

The first samples of purified copper 
tested were strongly ferromagnetic owing 
to ten parts per million of iron. It was 
necessary further to purify this copper 
because the ferromagnetic effects due to 
any activating nickel would have been 
obscured by the iron. Copper containing 
less than one part per million of iron was 
finally obtained by electrolysis. This cop- 
per was made by electrolysis from c.p. 
copper sulfate. The deposit was dissolved 
in redistilled nitric acid and again elec- 
trolyzed. Copper purified in this way 
was found to be inactive in the hydro- 
genation of benzene, confirming the re- 
sults of Ipatieff and Corson, and contra- 
dicting those of Pease and Purdum’‘, who 
claimed that copper prepared from c.p. 
copper oxide was an active hydrogenation 
catalyst. This purified copper was activ- 
ated with 1% of nickel. Nickel nitrate 
solution was stirred into a slurry of cop- 


per hydroxide. It was dried, decomposed 
by heating, and reduced by hydrogen at 
200° C. This catalyst effected 60% re- 
duction of benzene in 30 seconds at 175°. 
This active catalyst was strongly ferro- 
magnetic. The ferromagnetism of the 
catalyst shows that the nickel is not in 
solution in the copper. The catalyst must 
consist of mixed crystals of copper and 
nickel. 

The catalyst was then heated at 350° 
for two hours, and again tested for ca- 
talytic activity and ferromagnetism. It 
was found to be only one third catalyti- 
cally effective as before, and only one 
third as ferromagnetic. 

It may be concluded from these results 
that the catalyst loses its activity because 
it forms a solid solution of nickel and 
copper. That is, that thermal deactiva- 
tion consists of a process of diffusion of 
the nickel into the copper. 

The catalytic activity was measured by 
an apparatus designed and built by Ipa 
tieff and Corson. Hydrogen gas was puri- 
fied by passing it successively over (1) 
copper gauze at 550°C. in a quartz tube; 
(2) through lead acetate solution; (3) 
potassium hydroxide; and (4) drying 
tubes. It was then passed into benzene 
at 25°C. in a thermostat, and finally over 
the catalyst. The gas was then passed 
through traps cooled in dry ice to catch 
the benzene and cyclohexane. 

The magnetic susceptibility was meas- 
ured by the Gouy method.* The sample 
tube was hung from one pan of a mitro 
balance above an electromagnet, so sus- 
pended that the middle partition was in 
the center of the magnetic field. One end 
of the tube was evacuated and the cata- 
lyst packed into the other end. The 
tube was weighed with no magnetic field. 
Then the magnet was turned’on and the 
tube weighed again. The apparent 
change in weight was proportional to the 
magnetic susceptibility. 
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THE HISTORY OF CHEMISTRY AS APPLIED TO 
PHOTOGRAPHY 


J. H. SAMMIS 
Peoria, Illinois 


The history of photography and the 
history of chemistry are, naturally, close- 
ly parallel. The relationship is much 
closer than between physics and photo- 
graphy. With the exception of the inven- 
tion of a new glass or two, the devising 
of a few new lens combinations, and more 
recently, the introduction of new polariz- 
ing screens and a glass-coating, reflec- 
tion-reducing technique (in themselves, 
partly chemical), most of the advances 
in the art-science of photography have 
been made as almost direct offshoots of 
the discoveries of the chemists. 

In fact, the alacrity with which these 
discoveries have been incorporated into 
the body of photographic theory and 
usage has been little short of amazing. 
Iodine, isolated in 1811 was used by 
Daguerre some time before 1835 and 
bromine discovered in 1828 was put to 
photographic use in 1840 by Goddard to 
increase the sensitivity of Daguerreotype 
plates. In 1819 Herschel pointed out the 
action of sodium thiosulfate upon, silver 
salts and in 1839 he urged Talbot to use 
the same salt for fixing photographic 
images. That salt is still by far the most 
commonly used fixing agent today. For 
this contribution it would seem that 
Herschel deserves a much more promi- 
nent place in the annals of photography 
than he is usually allotted. 

To fully appreciate the importance of 
chemical discoveries in the history of 
photography, let us list what would seem 
the major advances made in the latter 
field and note how many of them are an 
outgrowth of chemical advances. 

First, there was the noting of the effect 
of light and the differential effect of light 
of different colors upon silver compounds 
by the Swedish chemist, Scheele. 
Schulte, Wedgewood, Davy and others 
made use of these facts in securing 
printed silhouettes. These they did not 
know how to fix. This major contribu- 
tion (though it was on entirely different 
chemicals) was made by Niepce. Her- 
schel’s contribution, already mentioned, 
made fixation possible on silver salts 
which were and have always been the 
most commonly used metallic constitu- 


ents of the light sensitive materials used 
in photography. Then came the profound 
and revoluntionary contribution of Da- 
guerre; namely, the concept of a latent 
image capable of later intensification or 
development as it is now called. Prior to 
that idea, the notion of obtaining a posi- 
tive image directly in the camera had 
obsessed the minds of investigators to 
the point where no other solution of the 
difficulties encountered seemed possible. 


Thus the most fundamental discoveries 
were made; a light sensitive medium, de- 
velopment, and fixation. Later came 
many contributions. Important among 
these were ‘the negative-positive tech- 
nique of Talbot’s calotype process making 
possible images that were not mirror-im- 
ages and also the possibility of many 
positive prints from one negative; a long 
series of improvements in the sensitivity 
of photographic emulsions, both as to 
speed and to orthochromatics, outstand- 
ing of which were the contributions of 
Schénbein (discovery of collodion) and 
Scott-Archer (use of collodion in the 
form in which it is still used photo- 
graphically), Vogel’s work on sensitizing 
films to green light (as a natural after- 
math to the discoveries of Hofmann and 
Perkin), Rev. Goodwin’s perfection of the 
gelatino-bromide film base (more com- 
monly credited to Eastman), and the 
publication of the work of the Lumiére’s 
on the chemical properties which make 
organic substances photographic develop- 
ers. Kekule’s prior contributions con- 
cerning the benzene ring structure (the 
basis for nearly all the photographic re- 
ducing agents) must not be overlooked. 


The whole story of reduction, intensifi- 
cation, sensitization, toning, color pro- 
cesses (exception must be made here to 
the pioneering work of the physicist 
Clerk. Maxwell), image reversal, and the 
use of magnesium for lighting is the 
story of chemical progress, out of phase 
with photographic history by only a few 
years. 


To paraphrase a political adage, one 
might say “As chemistry goes, so goes 
photography.” 
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CATION EXCHANGE IN A CARBONACEOUS ION 
EXCHANGER 


HAROLD FREDERIC WALTON* 
Northwestern University, Evanston, Illinois 


Introduction—The distribution of a 
pair of cations between a solution and a 
solid ion exchanging body such as a 
zeolite has been studied by many inves- 
tigators and for different materials. Gen- 
erally speaking, true equilibrium has not 
been reached in these studies, for the 
distribution has been different according 
to the direction from which it was ap- 
proached, but the rather definite pseudo- 
equilibrium can be represented empiri- 
cally by the equation 


C, C, \p 
He Rt = K.{—)}..... (1) 
C, solid Cc, solution 


where K and p are constants, p being 
less than one (Rothmund and Kornfeld, 
Z. Anorg., 103, 129, 1918). 

In one or two cases (e.g., Moller, Koll. 
Beih., 46, 1, 1937), true equilibrium was 
reached, and, at the same time, the mass 
action law was obeyed, p in the above 
equation being one. This raises the ques- 
tion whether p will not always be unity 
for a true equilibrium. To answer this 
question was one of the aims of the pres- 
ent investigation. 

A new type of exchanger made from 
bituminous coal by treatment with sul- 
furic acid or sulfur trioxide has come 
into use in recent years. Such a material 
is ‘“Zeo-Karb”, manufacttred by the Per- 
mutit Company. This was chosen for 
investigation because the great speed of 
its ion exchange reactions would favor 
approach to equilibrium and also because 
of its technical importance and the fact 
that exchanges involving the hydrogen 
ion can be performed with it. The ex- 
changes first studied were calcium-sodium 
and sodium-hydrogen. 

Experimental Method.—The Zeo-Karb 
was first ground to 40-80 mesh. Portions 
were saturated with calcium, sodium, and 
hydrogen ions by passing solutions of 
calcium and sodium chlorides and of hy- 
drochloric acid, and were then washed 


and air-dried. Weighed samples were 
shaken with 50-200 cc portions of solu- 
tions containing the chloride of the other 
cation which was to participate in the 
exchange. Control experiments showed 
that no observable change occurred be- 
tween 6 and 72 hours of shaking, so that 
after 12 hours the supernatant solution 
was withdrawn and analyzed. 

It was necessary to know the satura- 
tion capacity or “ultimate exchange” of 
the Zeo-Karb. This was found for the 
calcium Zeo-Karb by digestion with con- 
centrated sulfuric acid and analysis of 
the resulting solution, also by leaching 
out the calcium by dilute acid. The 
sodium Zeo-Karb was first saturated with 
hydrogen ions, and these displaced by 
potassium ions and titrated. 

It was also desirable to know whether 
the extent of swelling of the material in 
water would change with ionic exchange, 
since Graf (Koll. Beih., 46, 229, 1937) 
showed that the swelling of casein had a 
marked effect on the ion exchange. Tests 
showed that the volume of the Zeo-Karb 
varied by one to two per cent at the most 
during the ion exchanges studied. 


RESULTS 
(a) The Calcium-Sodium Exchange.— 
The data obtained by agitating pure sodi- 
um Zeo-Karb with calcium chloride solu- 
tion, and pure calcium Zeo-Karb with 
sodium chloride solution, are given in 








fig.1. The data are plotted according to 
the equation 
A 
(Ca**+) Ca*+ Dp 
= K. §| ——}..... (2) 
(Nat)? J Solid A? solution, 
Na* 


A being the activity calculated by the 
simple Debye-Hiickel theory. 

The index p for exchanges in the N/25 
solution was 0.82-0.84. The distance 
apart of the two curves, however, shows 
that true equilibrium was not attained, 


* Former Research Chemist, The Permutit Company. 
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Fig. 1.—Units: Activities in solution mil- 
liequivalents per liter. Concentrations in 
-Karb, milliequivalents per gram air dried 


weight. 
even though ample time had been allowed 
in the experiments for the exchange to 
reach a steady state. To allow a better 
chance for equilibrium to be approached, 
some tests were made where samples of 
Zeo-Karb which had been used in the 
main series of tests, and so already con- 
tained some of the second cation, were 
shaken with fresh quantities of salt 
solutions. The points so obtained are 
shown by crosses in fig. 2. The data 
obtained starting with sodium Zeo-Karb 
showed some inclination to approach the 
mean of the two curves, but the data for 
calcium Zeo-Karb stuck closely to the 
original Ca-Zeo-Karb and NaCl curve. 
The calcium and sodium Zeo-Karb 
stocks had been prepared a year previous 
to making these tests, and might have 
acquired a permanent set so that they 
were in reality two different exchange 
materials. Therefore, a quantity of 
sodium Zeo-Karb stock was saturated 
with calcium ions and three tests were 
immediately made by shaking samples 
of this material with N/25 sodium chlor- 
ide solution. The points obtained are 
shown as circles in fig. 2 and lie very close 
to the regular Ca-Zeo-Karb+NaCl curve. 
The conclusion is that the exchange 
characteristics of Zeo-Karb are condition- 
ed by the ion with which the material 
was last saturated and do not change un- 
til the material is saturated or nearly 
saturated with another ion. A similar 
conclusion was reached by Renold (Koll. 
Beih., 43, 1, 1935) from his work on syn- 
thetic aluminosilicates. 
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The effect of concentration of the solu- 
tion is seen from fig. 1, the circles refer- 
ring to N/10 NaCl + Ca-Zeo-Karb. For 
a given ratio Ca:Na in the exchanger, 
the simple Ca:Na ratio in the solution 
is greater in the more concentrated solu- 
tion, but by plotting activities according 
to the equation given, a relation is ob- 
tained which is independent of the total 
salt concentration. 


(b) The Sodium-Hydrogen Exchange. 
—tThese results are given in fig. 3. The 
simple ionic concentration ratios were 
plotted, these being assumed equal to the 
acitvity ratios in solution. The curves 
for Na-Zeo-Karb + HCl and H-Zeo-Karb 
+ NaCl almost coincide, showing a close 
approach to equilibrium. The index p 
in Equation 1 is about 0.6, which shows 
that the mass action law (p=—1) is not 
necessarily obeyed for a true equilibrium. 








126 Illinois State Academy of Science Transactions 


These graphs are, however, definitely 
not linear. It may easily be that Equa- 
tion 1 is not valid for exchanges involv- 
ing the hydrogen ion; this will be seen 
more clearly when data for the sodium- 
potassium exchange in Zeo-Karb are 
available for comparison. 

The effect of total concentration is seen 
from fig. 3; the crosses refer to N/25 
solution, the circles to N/10. As was 
expected for a pair of ions of the same 


valency, concentration has no effect on 
the distribution. 
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PAPERS IN GEOGRAPHY 


Extract From THE REPORT OF THE SECTION CHAIRMAN 


The Evanston program carried 11 papers, all of which are herewith pub- 
lished. 


The chairman for the Urbana meeting in 1942 as elected by the 28 attend- 
ing was: Joseph Van Riper, Southern Illinois Normal University, Carbondale. 


(Signed) ArtHur B. CozzEns, Chairman 
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U. 8. AIRWAY WEATHER STATION, CARBONDALE, 
ILLINOIS 


ERsELIA M. anp THoMAsS F. BARTON 
Southern Illinois Normal University, Carbondale, Illinois 


More than ever before does the present 
World War show the importance and 
need for a thorough knowledge and un- 
derstanding of weather and climatic con- 
ditions. For a people to prosper and 
defend itself adequately today such a 
knowledge is essential. Although weather 
data are commonly used when planting 
crops; buying and selling goods; plan- 
ning road itineraries; or properly heat- 
ing a house, it took the present war to 
make all men really weather conscious. 
During the last decade through com- 
mercial and military aviation the “weath- 
er eye” public has increased with an ac- 
celerated tempo. 

Wishing to help with this movement 
to understand weather, the writers will 
describe the operation of an Airway 
Weather Station, and show how such a 
station can contribute to the educational 
curriculum. 

In April, 1940, a second class Airway 
Weather Station was established on the 
Southern Illinois Normal University 
campus at Carbondale under the super- 
vision of the Geography Department. 
The Federal Government provided all the 
technical equipment and supplies while 
the Geography Department provided of- 
fice facilities and personnel. 

The station contains the following tech- 
nical equipment: Merturial barometer, 
barograph, anemometer and wind vane, 
wind velocity and direction indicator, 
maximum and minimum thermometers 
and holder, whirling apparatus for wet 
and dry bulb psychrometer, rain and 
snow gauge, weather shelter. 

Before being permitted to take authori- 
tative readings, the three observers se- 
lected to take readings had to pass a 
Civil Service examination and secure 
Certificates of Authority to take Airway 
Weather Observations. Two of these ob- 
servers, Harry Chester and James Chand- 
ler are college geography majors, and the 
third, Thomas F. Barton, Chairman of 
the Geography and Geology Department, 
is sponsor of the station. 


Every day, between 6:10 and 6:30 A. 
M. and P. M. and between 12:10 and 12:30 
A. M. and P. M., weather observations 
are taken. Weather recordings are made, 
computed, coded, and telegraphed to Chi- 
cago in twenty minutes. From Chicago 
this information is made available by 
teletype for commercial and military air- 
ports throughout the United States. 

For example at 12:29 P. M. on April 
19, 1941 the following message was wired 
to Chicago in code: 

43387 19403 08172 65502 66065 69217 67 

The first three digits of the first group 
of numbers describes the location of the 
station as to latitude and longitude. The 
fourth number of the primary group 
shows that the sky was completely cov- 
ered with clouds and the last number 
indicates that at the time of reading 
visibility was between six and twelve 
miles. In the same way the numbers in 
each of the following groups give a quan- 
titative description of weather. 

The following weather phenomena are 
observed, computed, and recorded at each 
six-hour reading: 

1. Total amount of cloud 

2. Visibility in miles or feet 

3. Wind direction and velocity 

4. Present weather (of which there 
are ninety-nine kinds) 

5. Station and sea level pressure 

6. Dry-bulb and wet-bulb temperatures 

7. Dew point 

8. Three hour station pressure change 
and pressure characteristic 

9. Kinds of low, middle and high 
clouds 

10. Cloud height and direction of 
cloud movement 

11. Character, time and amount of 
precipitation or character and time of 
thunderstorm 

12. Maximum and minimum tempera- 
tures. 


At the end of each month four copies 
of the monthly weather summary are 
made. Of these, three are sent to Kansas 
City where one is filed, one is sent to the 








Wei 
and 
real 
cop: 
Geo 


imf 
phy 
tere 
mos 
tha 
wea 
rap 


tex 





30 
ns 
le, 
hi- 
go 
by 
ir- 


ing 


are 
ich 


ere 


res 
nge 
igh 

of 


of 
of 


era- 


pies 
are 
Sas 
the 





Geography—1941 Meeting 


Weather Bureau at Springfield, Illinois, 
and the other goes to the Weather Bu- 
reau in Washington, D. C. The fourth 
copy is filed for reference work in the 
Geography Department. 

Use of Weather Data.—One of the most 
important elements of Physical Geogra- 
phy is weather. Almost everybody is in- 
terested in local weather conditions but 
most people believe with Mark Twain 
that nothing is ever done about the 
weather. However, at Southern the Geog- 
raphy staff members who use Finch and 
Trewartha’s Elements of Geography as a 
text in the introductory course, are at- 
tempting to teach students how to de- 
scribe, interpret and predict weather 
conditions. Consequently, by having 
weather readings every six hours, the 
Geography instructors have accurate 
local data to use in classroom presenta- 
tions. 

This information is also used in the 
college geography laboratory classes hav- 
ing as their objective the understanding 
of weather and weather instruments. 
Most students are interested in timely 
and local statistics that explain the 
weather drama as it is enacted. From 
local description and interpretation one 
can go on to broader generalizations on 
the subject. From the standpoint of 
weather instruments, in the laboratory 
or workshop there are various weather 
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instruments similar to those used in the 
station but differing somewhat in that 
they may be demonstrated from time to 
time. 


Although not completely equipped at 
present the workshop contains the follow- 
ing instruments: mercurial and aneroid 
barometers, barograph, thermograph, hy- 
grograph, humidaguide, hand sling psy- 
chrometer, maximum and minimum 
thermometers, an indoor-outdoor ther- 
mometer, and a rain and snow gauge. 
Students are taught the mechanism and 
uses of each instrument as well as how 
to read it. After an understanding of 
the instruments is achieved practical 
functional problems connected with 
weather elements are studied. 


The use of these daily reports not only 
stimulates interest in weather, but actual 
observation of the station itself also 
awakens in pupils a keen interest in 
weather problems in general. The sta- 
tion has been shown to rural, intermedi- 
ate grade, junior and senior high school 
pupils, to college students and to “in- 
service” teachers. From past experience, 
one can safely say that most of these 
students, regardless of grade level, were 
impressed and stimulated by these trips. 
In fact, many have set up their own in- 
expensive weather stations, either at 
home or at school.* 


1 Barton, T. F., “Why Not Build an Inexpensive Weather Station at Your School?” Illinois Education, 


Ibid, “Establishing an Inexpensive Weather Station: 


An Abstract,” Journal of Geography. 
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AGRICULTURAL LANDSCAPES OF THE SUDBURY AREA, 
ONTARIO* 


THOMAS F. Barton 
Southern Illinois Normal University, Carbondale, Illinois 


Two distinct agricultural landscapes 
are developing within a few miles of each 
other in the Sudbury Area of Ontario, 
Canada, namely the “Agricultural Land- 
scape of the Sudbury Pocket’’ and the 
“Disseminated Agricultural Landscape 
Among the Ice-scoured Hills.” These 
landscapes represent the two types of 
agriculture most prevalent on the Lauren- 
tian Highlands. 

As it is true elsewhere in the Canadian 
Shield the best agricultural land of the 
Sudbury Area is confined to pockets. The 
Sudbury pocket is the middle one of “five 
areas more or less fit for settlement’”® 
which are located in the portion of the 
Shield contiguous to the north shore of 
Lake Huron and Lake Superior. These 
pocket areas, as briefly described by 
Lower,‘ are from east to west: North 
Bay, Lake Nipissing, Sudbury, Sault Ste. 
Marie, and Fort Williams and Port Ar- 
thur. 

The Disseminated Agricultural Land- 
scape Among the Ice-scoured Hills re- 
sulted from the scattered and often per- 
sistent attempts of pioneers to hew farms 
among the glaciated hills of the Canadian 
Shield. 

Although both of these agricultural 
landscapes developed under the same 
climate and produce crops for the saxi- 
cultural markets, differences in land- 
forms, soil, and stage of development re- 
sult in a different cultural landscape. 
Because of physical and cultural dissim- 
ilarities these two landscapes will be 
treated separately, although they do have 
many characteristics in common. 


AGRICULTURAL LANDSCAPE OF THE 
SUDBURY POCKET 
By driving seven miles northwest of 
Sudbury through a cut-over forest land- 


scape, one enters an agricultural pocket 
by means of a water gap at Azilda (fig. 
1). Here agricultural features, patterns 
and associations are superimposed upon a 
lacustrine plain of an abandoned glacial 
lake. This pocket, about twenty-three 
miles long and eight wide, is roughly 
boat-shaped with a prow at the west end 
of Vermilion Lake and the stern about 
five miles southwest of Wanopetei Lake. 
This area represents roughly an old 
glacial lake bed in the central portion of 
the Sudbury basin. 

All of the land in the Sudbury pocket 
is not in farms, and rather large tracts 
have never been cultivated. Near the 
center of the lake bed are several sand- 
stone ridges, remnants of former anti- 
clines. Parts of these ridges have never 
been cultivated and account for much of 
the wooded land in the pocket. Most of 
the few farms located on the sandstone 
ridges have been abandoned. 

The islands of cultivated land in the 
northern part of this boat-shaped area 
are separated from the larger area of 
farm land to the south by cut-over for- 
ests. Clearing and settling have not been 
rapid in the northern part of the plain 
because the soil is too sandy, gravelly, 
and often too wet for agriculture. More- 
over, in spite of a long period of develop- 
ment, there still exists near the center of 
the pocket islands of timber surrounded 
by cultivated land. These timber islands 
occupy the gravelly, rocky, poorly 
drained or most inaccessible parts. The 
reader should keep in mind, however, 
that this agricultural pocket contains 
more cultivated land and more farms 
than all the rest of the Sudbury Area. 

On this plain the roads, although fol- 
lowing a rectangular pattern, are not 
laid out in perfect square mile intervals. 


2 For practical purposes at present the writer uses the term “The Sudbury Area” when writing of that 
portion of Ontario included on the Sudbury Topogaphical Sheet which is published by the Department of 


Interior. 


its largest city, Sudbury. 
Information in this paper is based upon six weeks’ field work in the summer of 1939 and library research, 
?The term pocket is used to designate small areas of arable land located in depressions in the 
Laurentian Upland. 
* Lower, A. R., ‘‘Settlement and the Forest Frontier in Eastern Canada,” Canadian Frontiers of Settle- 
ment, Py IX, p. 12. 


The area is forty-eight miles long from east to west; thirty-four miles wide, and is named after 
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Often two parallel east-west roads one 
mile apart will only be connected by 
north-south roads at intervals of two 
miles. The dispersed rural dwellings 
are usually found along the principal 
east-west roads but seldom on the north- 
south connecting roads (fig. 2). 

The rural homes are concentrated along 
the main gravel roads with usually six 
to twelve houses to a mile. There are 
about five hundred families with an av- 
erage of four or five to a family in the 
pocket.° The farms have the elongated 
strip shape of typical French Canadian 
land holdings. Often there are two 
houses in the same farmyard—the older 
dwelling may be occupied by the parents 
and the newer one by a son. 

The farms are small, usually compris- 
ing sixty to eighty acres with many small 


fields devoted to potatoes, barley, truck 
crops, and hay. For example Rodolphe 
Paquette owns an eighty-acre farm on 
the southeast corner of the crossroads at 
Boninville. During the summer of 1939 
he had thirty acres of potatoes, ten acres 
of hay, eight acres of oats, four and a 
half of truck garden, and the rest of the 
farm was in yards and pasture. Instead 
of having each cultivated crop in one 
field, the crops were planted in several 
small fields giving a patchwork field pat- 
tern. However, on most farms mixed 
hay occupies more of the land than any 
other crop, and on many farms it occu- 
pies more land than all the other crops 
combined. Farms, pastures and farm- 
yards are usually enclosed with wire, 
rails, or poles, but cultivated fields with- 
in a farm are often not enclosed. 
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Fig. 1. 
5 Data given by Romeo Leroux, agricultural representative of the Sudbury District, in an interview on 


August 8, 1939. 
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Fig. 2.—Agglomerated Agricultural Settlement in Sudbury Pocket, Sudbury Area, Ontario. 


A representative farmyard contains a 
house, garage, combined barn and crib, 
potato cellar, and woodpile (fig. 3). 
Houses are usually of the one or two- 
story square wooden type but log houses 
are not uncommon. Most of the once 
white houses are badly in need of paint. 
The grain crib and barn are usually com- 
bined in order to facilitate the feeding 
of livestock during the long cold winters 
and deep snows. This structure is either 
large and well made, or small, crude and 
made of rough lumber. If large, it in- 
dicates the farmer is in the commercial 
dairy business; if small, he only keeps a 
cow or two for his own domestic use. 
Protruding through the, roof of the larger 
barns are the windmills. The water tank 
and part of the windmill machinery are 
thus protected from the deep snows and 
freezing temperatures. 

Going through the country in early 
August one sees checkerboard fields of 
green and yellow. Late potatoes, peas, 
hayland, pastureland, and some corn pro- 
duce various shades of green; while the 
yellow is due to the ripening fields of 
oats, barley, and fall rye. In December 
the fields are covered with a deep blanket 
of snow (The city of Sudbury receives 
an average of 63.2 inches of snowfall a 
year). 


The variety of crops grown and the 
production per acre are closely related 
to climate, soil, landforms, markets, and 
transportation facilities. 

Climate imposes harsh limits upon ag- 
riculture. The late springs, cold and 
wet, retard the planting season. Juné 
with 2.91 inches receives more rainfall 
than July with 2.54 inches. Not only 
do heavy rains interfere with the plant- 
ing in spring, but sometimes they come 
during the harvest season spoiling hay, 
causing oats to sprout in the shock and 
potatoes to rot in the ground. August 
with 2.85 inches of rainfall is one of the 
wettest months of the year, and Septem- 
ber is the wettest month with 3.1 inches. 
The three principal growing months of 
June, July, and August receive an aver- 
age of 8.3 inches of rainfall. However 
the rainfall is not dependable. Droughts 
are frequent and may come any time dur- 
ing the summer. June and July are the 
only months having a monthly average 
of normal daily mean temperatures above 
fifty degrees.’ 

The average growing season is ninety 
days or less. Moreover, many nights 
have very low temperature although 
frosts do not occur. Often frosts occur 
late in spring or early in fall with a 
possibility of frost any time during the 


* Conner. hy Ss restate Tables” reprinted from the Canada Year Book, 1931, p, 21. 


7 Ibid., pp. 
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Fig. 3.—View of farmstead in August. 
Notice dwindling wood piles, and entrances 
ard ventilators to earthen potato cellars. 
Jacked up hind wheel of old-modeled car 
furnishes power for potato grader. 
year. June, July, August, and September 
are the only months free of snowfall. 
Thus, it is not surprising to find crops 
that are adapted to a high latitude in- 
terior continental climate. Buckwheat, 
barley, and potatoes are suited to a short 
season, and oats, hay and pasture to cool 
temperatures. 


Soil presents both physical and chemi- 
cal handicaps. Much of it is too sandy, 
gravelly and rocky. The better drained 
loam soils are underlain with fine sand to 
a depth of six to twelve feet. However, 
where clays predominate, the soil retains 
its moisture long after the heavy blanket 
of snow has disappeared. Thus an al- 
ready dangerously short growing season 
is further handicapped by wet soils, de- 
laying the planting period. Typical of 
the podsols these soils are high in humus 
content. Being friable and well drained, 
they make good potato land if properly 
fertilized. The soils are high in potass- 
ium and magnesium, but low in lime and 
nitrogen.’ Crop yields soon decline where 
cultivation is carried on year after year 
without adequate fertilization. Clover is 
grown to restore vegetable matter and 
nitrogen to the soils. Limestone and 
nitrogen fertilizers are shipped into the 
area from Niagara Falls.” 


Because of the irregularity of the land 
surface in the Sudbury pocket, much of 
the total area is unfit for cultivation. In 





1a Fig. 4.—Holstein herd near Blezard Valley. Looking north, note large barn, silo, wooded 
tree line, and profile of the sandstone hills which occupy the center of the Sudbury pocket. 


Mi with Romeo Leroux on August 8, 1939. 
» Interview with Romeo Leroux on August 8, 1939. 
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the southeastern portion the lake plain 
gives way to moraines and small pitted 
outwash plains. Sand and gravel ter- 
races are located in the southwestern part 
of the pocket along the margin of the 
lacustrine plain. The flood plain of the 
Vermilion River with its numerous ox- 
bow lakes is too wet for cultivation. The 
sandstone ridges near the center of the 
pocket, although partially cleared and 
farmed in the past, have now been mostly 
abandoned. The undesirable landforms 
and associated soils prevent the agricul- 
tural pocket from developing a more per- 
fect boat-shaped area. 

In addition to the physical factors of 
climate, soil and landforms, markets also 
influence agricultural development. The 
demand for fresh milk and vegetables 
created by the mining towns and Sudbury 
help explain why dairying and truck 
farming predominate in the area. Milk, 
potatoes, and baled hay are the principal 
cash products. 

Potatoes lead the list as a cash crop 
with about a quarter of a million bushels 
produced annually on about two thousand 
acres." The early crop is harvested the 
first part of August and the second crop 
about the middle of September. In 1939 
potatoes were selling for $1.25 to $1.50 
per bag in Sudbury where the bulk of the 
crop is consumed.” In addition to cli- 
matic handicaps, the potato crop, if not 
treated in time may sometimes be dam- 
aged by the potato leaf hopper or blight. 

In addition to potatoes a large variety 
of fresh vegetables are grown for the 
mining population. The importance of 
truck marketing is reflected in the urban 
landscape. Covered markets are main- 
tained in Sudbury and Copper Cliff. 
Buggies, light wagons, and antiquated 
automobiles loaded with vegetables are 
common daily sights in the town and city 
streets. 

The second most important cash prod- 
uct is milk. It is the dairy cow that 
changes the bulky grain, hay and grass 
into milk which can be more readily 
marketed. (Fig. 4.) Farmers from the 
northern and northwestern part of the 
pocket move milk into Sudbury by truck. 








"1 Ibid. 


% The Sudbury Star, August 18, 1939. 


“Interview with Arthur Legault, manager of the factory, August 18, 1939. 
* Sudbury Star, August 18, 1939, p. 11. 
% Sudbury Star, August 18, 1939 


*® Interview with O. L. Bingham of the Palm Dairy on August 23, 1939. 


Fresh milk does not reach Sudbury from 
the central part of this area around Bon- 
inville for two reasons. Here the potato 
is the chief product. Moreover what milk 
is produced for sale goes to a small 
cheese factory at the Boninville cross- 
roads. This factory gets most of its 
milk within a five mile radius. About 
three to four large Canadian cheddar 
cheeses are made daily throughout the 
year with a maximum production in 
spring. The minimum production is in 
August when only about a dozen farmers 
bring in milk once a day." 


Experimentation with corn and silos 
is associated with the dairy industry. 
During the summer of 1939 a new quick 
maturing variety of corn known as Do- 
rinny was introduced.“ Planting was 
delayed by rains and the experiment 
could not be called a success. The area 
will likely continue to be used for ex- 
perimentation with quick maturing va- 
rieties of corn. Silage would undoubtedly 
be of great aid to dairying if corn pro- 
duction were feasible. 


In 1939 there were about 4,000 head of 
dairy cattle in this agricultural pocket. 
Most of the cows are Ayrshires. A cattle 
carload of Ayrshire cows was shipped in 
from Glengairy county in eastern Ontario 
in the fall of 1939 which would indicate 
that the dairy business continues to ex- 
pand.” 


In spite of the expansion of dairying 
within the Sudbury pocket and the dis- 
persed agricultural settlements in the 
Sudbury Area, milk production is still 
insufficient to meet the demand created 
by the mining population. Consequently 
Sudbury dairies send their trucks as far 
as Bruce Mines, 160 miles west of Sud- 
bury, and as far as Sturgeon Falls,” 60 
miles east of Sudbury, for milk and 
cream. 


Not only does the Sudbury Area depend 
upon outside sources for milk but also 
for all food supplies. No phase of agri- 
culture has developed to the extent where 
it meets the needs of the Sudbury Area. 
The growing mining population produces 
only a negligible part of its own food. 
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In spite of excellent markets nearby 
and improved roads connecting this 
agricultural pocket with the agglomera- 
tions of population in the Sudbury Area, 
most of the farms and farmsteads do not 
look prosperous and give ample evidence 
that the owners are having a hard time 
to eke out a living. In fact, there are 
few farms which have always been eco- 
nomically independent. The present de- 
velopment and economic status of many 


farms is understood when one realizes 
that money made in mining, lumbering, 
or trapping has been invested in these 
farms. It is a common, practice for one 
or more members of a family to work 
in the mines for a few years. This is 
especially true when crops fail or the 
mines are booming and wages high, It 
is also true that what prosperity exists is 
primarily explained by the markets the 
mining industry has provided. 


DISSEMINATED AGRICULTURAL LANDSCAPE AMONG THE IcE-SCoURED HILLS 


Two primary districts of dispersed ag- 
ricultural settlement in the Sudbury 
Area create a distinctive landscape. The 
writer has named this landscape the Dis- 
seminated Agricultural Landscape among 
the Ice-scoured Hills. Of the two dis- 
tricts in this landscape, one is the Kelley 
Lake-Long Lake district, east of the 
Whitefish Lake Indian Reserve No. 6 and 
just south of Sudbury and Copper Cliff 
in Waters and Broder Townships. The 
other is the Beaver Lake-Vermilion River 
district west of the Whitefish Lake In- 
dian Reserve No. 6 and south of Worth- 
ington and Whitefish in Lorne and Louise 
townships. The two districts are sep- 
arated from each other by the Whitefish 


Lake Indian Reserve No. 6 on which 
white settlement cannot take place. 
These two districts differ from the Sud- 
bury pocket in many ways. A melange 
of road types weaving in and out among 
the hills, lakes and swamps results in a 
serpentine road pattern in contrast with 
the rectangular one of the Sudbury 
pocket. (Compare figs. 5 and 6). Ferries 
and fords are numerous here; they are 
seldom found in the Sudbury basin. 


Fourth class roads (local roads slightly 
traveled) are more prevalent in the Dis- 
seminated Agricultural Landscape Among 
the Ice-scoured Hills than in the Agri- 
cultural Landscape of the Sudbury Pocket. 
The population pattern is also irregular 

















Fig. 5.—Dispersed Agricultural Settlement, Kelley Lake-Long Lake District, 
Sudbury Area, Ontario. 
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and the population density is not as great 
as that in the Sudbury pocket. There 
are only three or four houses to the 
square mile. 

There are many evidences of pioneer 
farming in these districts, such as 
patches of cultivated crops interspersed 
in the second growth forest. A predom- 
inance of hay fields in which rock piles 
and stumps may still be seen. Whereas 
many of the farms in the Sudbury basin 
have been four-fifths or completely 
cleared, here the amount of cleared land 
is very small. These clearings appear 
like small islands in a sea of cut-over 
forest land. The cultivated fields of one 
farm often do not join the fields of the 
adjacent one. Sometimes a second growth 
forest of jack pine, birch and yellow 
poplar may completely hide one farm 
from another. Buildings are small and 
crude, and are constructed from poles, 
logs, and rough lumber obtained in clear- 
ing the land. 

In these districts much of the land and 


forests pass through three stages of de- 
velopment. Between 1900-1920 the large 
lumber companies removed the red and 
white pine. Then followed the French 
Canadian “wood chopper” or “bush 
farmer” who was more interested in cut- 
ting the jack pines for mine timbers and 
ties, the yellow poplar for pulp wood, 
and the birch gor fuel, than he was in 
clearing the land for cultivation. The 
bush-farmer stage is followed by the Fin- 
nish farmer whose persistent efforts and 
frugal living made cultivation of the 
land possible (in these two districts the 
Finnish farmers outnumber the French 
Canadians) .” 

In contrast with the commercial agri- 
culture of the Sudbury pocket, farming 
in these districts is chiefly one of sub- 
sistence agriculture with few cash prod- 
ucts. Some milk and vegetables are mar- 
keted in Sudbury and the mining towns. 
Dairying is becoming more important as 
shown by an increase in the number of 
Ayrshire cows. In 1939 a carload of 





~6.—Dispersed Agricultural Settlement, Beaver Lakes-Vermilion 


Fig. 
River District, Sudbury Area, Ontario. 


1 Interview with Tom Thorpe, assistant forester in Sudbury, on August 14, 1939. 
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Ayrshire cows were shipped from lower 
Ontario to Worthington for the Beaver 
Lake-Vermilion River district.“ Money is 
also secured by the sale of baled hay, 
and both pulp and fuel wood. The money 
from these small sales is used to pur- 
chase meager necessities that cannot be 
produced on the farm. 


Settlement gradually goes on in these 
two districts. New roads are cut through 
the forest and old roads improved. The 
number of families and farms increase 
and the areas of farm land become larger 
and more continuous. Rapid agricultural 
expansion is not likely, however, and 
boom periods only occur in the mining 
industry of the Sudbury Area. 

Although the climate is the same and 
about the same kind of crops are grown 
in both agricultural landscapes, farming 


18 Sudbury Star, August 18, 1939, p. 6. 


in the Disseminated Agricultural Land- 
scape among the Ice-scoured Hills is a 
battle against rougher land, poorer soil, 
and poorer drainage than in the Agri- 
cultural Landscape of the Sudbury Pocket. 


SUMMARY 

Two distinct agricultural landscapes 
are found in the Sudbury Area primarily 
because of a difference in landforms and 
soil. Associated with the differences in 
physical features are the differences in 
cultural forms such as road types and 
patterns, distribution and density of pop- 
ulation, acreage of cleared and cultivated 
land per farm, crop production, and stage 
of economic development. Both of the 
agricultural lanscapes are primarily de- 
pendent for their existence upon the saxi- 
cultural development of the Sudbury 
Area. 





THE SOIL FACTOR AND LAND USE IN BARBOUR 
COUNTY, ALABAMA 


ALFRED W. Booru 
University of Illinois, Urbana, Illinois 


Barbour County in east-central Ala- 
bama lies within two regions of the 
Upper Coastal Plain of Southeastern 
United States, the Clay Hills and the 
Southern Red Hills. In the Clay Hills 
or northern portion of Barbour County 
are found soils belonging to the Susque- 
hanna series. In the Southern Red Hills 
portion, are found soils belonging to the 
Ruston and related series. Numerous 
cultural contrasts exist between the 
northern and southern portions of the 
county, many of which can be explained 
in terms of this soils difference. 

The highest summit level of the cuesta 
produced by the Clayton formation which 
almost bisects the county is generally 
considered to be the line of demarcation 
between the Clay Hills and Southern Red 
Hills. The Clay Hills section is under- 
lain by the Ripley formation which con- 
sists of gray to greenish-gray sands and 
clays. The southern portion is underlain 
by the Naheola formation which consists 
mainly of reddish sands, and which rests 
upon the white limestone of the Clayton 
formation.’ 


Northern Barbour County lies on the 
lower portion of the dip slope of the 
cuesta produced by the Ripley formation, 
and as a result, is maturely dissected. 
Its surface configuration is featured by 
broad, open valleys and some rather con- 
spicuous narrow, steep-sided ridges. On 
the other hand, Southern Barbour County 
lies mainly on the upper portion of the 
dip slope of the cuesta produced by the 
Clayton formation. Hence its dissection 
has just begun and its surface configura- 
tion is featured by rather broad, open 
ridges and shallow, rather narrow val- 
leys. 

Despite these contrasts in surface con- 
figuration, the topographic factor is not 
the significant one in explaining differ- 
ences in land use. For both areas have 
approximately the same amount of land 
in which, topographically speaking, agri- 
culture is possible, even though in one 
case it is in valley bottoms and in the 
other on ridge tops. 

The original vegetation of the two 
areas was similar, consisting of mixed 
deciduous and coniferous trees, including 


* Lithic descriptions from “Geological Map of Alabama”, Geological Survey of Alabama, 1926. 
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among others long-leaf and short-leaf 
pines and various species of oak, hickory, 
and gum. In both areas hardwoods were 
most common either on the ridges or 
poorly-drained lowlands, while pine was 
most common on slopes and on sandy 
areas. Coniferous trees were slightly 
more numerous in the southern area, 
comprising about 47 per cent of the total 
stand as compared to 38 per cent of the 
total stand in the northern area.’ 

More important than any other single 
physical elements in explaining contrasts 
in land use within the county is the soil 
factor. The Susquehanna soils of the 
northern portion have developed from 
the clayey Ripley formation and hence 
are rich in clays. The Susquehanna 
soils, which belong to the Red Podzolic 
group of soils, usually have a thin, yel- 
lowish A-horizon, lack a B-horizon, and 
are underlain by tough, compact clay 
subsoils. These clay soils, although 
richer in minerals than most sandy soils, 
have the disadvaniage of being cold, 
wet, and difficult to fertilize. If they lose 
their A-horizon, and this has happened 
in this. area because of careless culti- 
vation and continuous cropping in clean- 
tilled crops, they become almost too stiff 
to cultivate by ordinary methods. The 
soils of the southern portion of the coun- 
ty belong mainly to the Ruston series, 
though the Norfolk and Orangeburg are 
also represented. The Ruston soils, de- 
veloped in the sandy Naheola formation, 
are light gray to grayish-brown sands, 
loamy sands, and sandy clays with fri- 
able sandy clay or sand subsoils. They 
are slightly acid and rather low in min- 
eral content, but have the advantage of 
being well-drained, easy to cultivate, and 
very responsive to fertilization.’ 

Not only present land use, but also 
past land use in Barbour County is 
closely related to the character of these 
contrasted soils series. When the coun- 
ty was first settled (between 1830 and 
1840) the Susquehanna areas attracted 
the large-scale cotton producers, since its 
richer soils encouraged the large capital 
investment necessary to buy land and 
slaves, The Ruston areas were thus left 
to the small-scale pioneering farmers. 


This contrast between the plantation 
economy of the north and the self-suf- 
ficient pioneering economy of the south 
continued even after the Civil War. It 
was not until commercial fertilizers came 
into common use that the yeoman 
farmers were able to compete with the 
white-owned, negro-operated plantations 
in cotton production. With this shift 
from a self-sufficient economy to a cotton 
economy, the amount of land in cultiva- 
tion in the southern area increased 
rapidly, and accompanying this was a 
great increase in population. The present 
status of the southern area in these re- 
spects was reached about 1910. 

The coming of the boll weevil in 1914- 
1915 had more serious repercussions in 
the northern than in the southern area. 
The best method of overcoming the rav- 
ages of the weevil is to plant early-ma- 
turing varieties of cotton. However, 
such varieties of cotton require light, 
well-drained soils, fertilization to pro- 
mote growth, and thorough tillage before 
and after planting. It can be seen that 
the heavy clay soils of the northern area 
prevented all these measures from being 
carried on effectively. Also, by this time 
the farmers of the northern area were 
faced with a new problem. Because of 
continuous cropping in clean-tilled crops, 
the thin top soils of the area had been 
removed, leaving the tough clay subsoils 
exposed at the surface. 

In contrast, the economy of the south- 
ern area was not seriously shaken by 
the boll weevil, although some efforts 
were made to diversify. Chief amongst 
the crops which were added was the 
peanut. Peanuts are utilized both as 
a cash crop and as a forage crop in hog 
production, They do best in sandy soils, 
since dark-colored soils discolor the 
hulls and thereby reduce their commer- 
cial value.* It is also true that when 
peanuts mature, they are apt to sprout 
and become rancid in wet, clayey soils. 
For these reasons, peanuts, which have 
proved so beneficial in bolstering the 
economy of the southern area, have never 
become a significant crop in the north- 
ern. Other crops which proved success- 
ful in the southern, but not in the 


? Harper, R. M., “Economic Botany of Alabama, Part I’, Geological Survey of Alabama, Monograph 


No. 8, p. 92 and p. 102. 


* Soil descriptions from: “Soils and Men”, U.S.D.A. Yearbook, 1938; Marbut, C. F., “Soils of United 
Il 


States”, Atlas of American Agriculture, Part I 


*Sturkie, D. G., “Peanuts’’, Alabama Experiment Station, Leaflet No. 5. 
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northern area, are cowpeas, soy beans, 
velvet beans and pecans. 

The one bright spot in the future of 
the northern area lay in the fact that 
several types of good native and im- 
ported pasture and forage grasses do 
well on its clayey soils, a condition not 
common in sandy areas. So about 1920, 
encouraged by this fact, white planta- 
tion owners began consolidating their 
farm units and turning cultivated land 
into pasture land. As can be realized, 
this process was a painful one, since it 
resulted in the dispossession of many al- 
ready very poor tenant farmers. De- 
spite numerous mistakes and handicaps, 
a farm economy based on cattle-raising 
as well as cotton production is now fairly 
well established in the northern area. 

Thus, at the present time, mainly be- 
cause of soil differences, numerous cul- 
tural contrasts exist between the north- 
ern portion and the southern portion. of 
Barbour County. The northern portion 
is an area of decreasing population, of 
land abandonment, of large, white-owned 
farms operated by negro tenants, an area 
where pasture land is supplanting culti- 
vated land, and where an economy based 
upon cattle and cotton is being substi- 
tuted for one based on cotton alone. The 


southern portion is an area of static 
population, of small farms usually oper- 
ated by their white owners, an area 
where rather intensive cultivation of 
cotton, corn, peanuts and other crops is 
supporting a cotton, peanuts, and hogs 
agricultural economy. Some of the pres- 
ent contrasts between the two areas 
are shown statistically in Table I, in 
which Spring Hill Township represents 
the northern portion of the county, and 
Reeders Mill Township, the southern 
portion. 











TABLE I. COMPARATIVE STATISTICS* 
Spring Hill | Reeders Mill 
Item Twp. Twp. 
Population per sq. mile__. 18.0 36.4 
Per cent population de- 
crease 1920-30 _ 21 4 
Per cent population negro 
O0t.)....2- 90 35 
Per cent total area in farms 33 76 
Per cent total area in crops 
harvested ._______- : 15 41 
Average size of farms 
(acres) - 96 63 
Per cent farm land culti- 
vated ._ 39 55 
Per cent farm land in pas- 
Pe ttanbiswicuacenbdns 44 15 











* Bureau of Census: 1930. 





THE FACTOR OF POSITION IN HEMISPHERE DEFENSE 


CLARENCE L. BRowNn 
Northwestern University, Evanston, Illinois 


A study of the geography of western 
hemisphere defense must, by the very 
nature of the subject, include the con- 
sideration of a multitude of factors. 
Many statements have been offered re- 
garding our national needs for materials 
—strategic, critical, and essential—for 
defense... Other statements deal largely 
with such topics as naval bases’, the 
merchant marine’, conservation of fuel 
resources‘ the Pan-American policy’, the 
extension of the Monroe Doctrine’, the 
foreign policy in relation to the establish- 
ment of a favorable exchange of goods’, 
the possibility of invasion’, and the Rus- 
sian-Japanese-American Far Eastern 
policy’. Some, but by no means many, of 
these publications concern themselves to 
a degree with the factors of position. 
None, however, analyze the problem of 





United States defense entirely from the 
positional factor point of view. It is the 
purpose of this paper to present a dis- 
cussion on this subject—the factor of 
position in hemisphere defense. 
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Current events of a world-wide scope 
make this program of hemisphere defense 
as necessary as any other governmental 
function. In order to fully realize this 
critical international situation, we as 
geographers cannot over-emphasize geo- 
graphic positions. Napoleon once said, 
“War is a business of positions,” it is a 
question directly in terms of areas de- 
fendable and indirectly in terms of areas 
to be defended. The question of areas 
may also be considered directly in terms 
of items now produced and indirectly in 
terms of items that could be produced if 
the source of supply were lost. 

The problem of areas and their posi- 
tional relationships is a reality. Armies 
and navies do not move around ideas or 
concepts of ideology. Nor do naval and 
air bases rest on immaterial concepts of 
political theory. They exist and move 
in place. An area, plus other features, 
has position and time. Position and time 
constitute a reality, Therefore, a con- 
sideration of areas and their positional 
relationships constitutes a study in geo- 
graphic reality. 

There seems to be virtual agreement 
that our defense is concerned primarily 
with the Three Power Pact of Germany, 
Italy, and Japan with perhaps more than 
passing consideration to Russia. Defense 
is largely in terms of possible attack 
from the position of military, economic, 
and political aggression. In discussing 
the positional factor of defense, only at- 
tack of a military nature is considered 
here. 

Two points are significant at this junc- 
ture. In the first place, in what form 
will attack come? Obviously the initial 
form would be by sea or by air. The 
nature of our defense must, therefore, 
base itself upon that point. In the sec- 
ond place, what are we as a nation de- 
fending? There are several points of 
view current, but the position taken here 
is that our first concern is the defense 
cf the United States and her possessions. 
With these points in mind, let us look 
to the vital areas that require special 
attention. These areas are: (1) the 
Panama Canal and the Central Lowlands 
of the United States, (2) the eastern 
seaboard, (3) the St. Lawrence Lowland, 
(4) Alaska, (5) the Pacific possessions, 
and (6) the western seaboard. 

Unquestionably our first interest to the 
south is security of the Panama Canal 


and the Central Lowlands. With our 
bases in the Caribbean region, we should 
be able to prevent the establishment of 
enemy bases on the Caribbean coast of 
South America, Central America, and on 
the islands of the Caribbean. Our second 
interest in southern defense is the pre- 
vention of enemy operating bases on the 
east coast of South America, particularly 
the sector south of the Brazilian bulge. 
It is 3600 miles from our base at Norfolk, 
Virginia, to Pernambuco at the tip of 
South America’s eastern bulge. It is 
3100 miles from Lisbon, the nearest 
European port, to Pernambuco. Europe 
is closer than the United States to this 
eastern coast of South America by ap- 
proximately 500 miles. The cruising 
radius of our fleet is 2500 miles. Our 
bombers can cover 1500 miles. (To these 
figures the navy adds 10% and the air 
corps 20% to account for adverse weather 
conditions.) With our base at Puerto 
Rico, which will bring our influence 500 
miles nearer Pernambuco than Lisbon, 
our fleet’s effective cruising radius will 
cover the eastern bulge. 


Shifting our point of view to Africa 
we notice that Dakar is 1700 miles from 
the eastern bulge of Brazil. The Ger- 
mans have been very active in Dakar, 
whereas the rest of the French possession 
has been left relatively alone. Holding 
Dakar brings Pernambuco within range 
of active German influence. Rio de 
Janeiro is 2500 miles from Dakar. The 
Nazis in Dakar are closer to the whole 
eastern coast of South America below 
the bulge than are our bases in the Car- 
ibbean. The possibility of the establish- 
ment of enemy bases south of the bulge 
is apparent. Firmly based in this south- 
ern area, northward advance could fol- 
low. 

Our third interest in southern defense 
focuses on the west coast of South Amer- 
ica. Here the United States has a clear 
advantage, for the east coast of the 
United States lies vertically above the 
west coast of South America. This means 
that the whole of the United States is 
nearer to the west coast of South Amer- 
ica than is Europe. The Panama Canal 
is 2600 miles from Valparaiso, Chile. 
(Practically within the 2500 mile cruis- 
ing radius of our fleet.) The nearest 
European port is 8000 miles from Val- 
paraiso. The nearest port in South Af- 
rica, Capetown, is 4000 miles away. There 








142 Illinois State Academy of Science Transactions 


are many islands in the Pacific, like 
Galapagos and Easter Island, that lie but 
a few hundred miles off the west coast 
and could be used as enemy bases. The 
United States, however, has naval and air 
outposts in the Pacific between these 
islands and Japanese island outposts. 
Let us now consider our eastern sea- 
board and the St. Lawrence Lowland. 
Here is the financial, commercial and in- 
dustrial heart of Canada and the United 
States. The St. Lawrence Lowland leads 
into the Great Lakes region, and the Lake 
Champlain-Hudson River trough. Here 
is produced 75% of our “heavy” indus- 
tries — armaments, automobiles, iron, 
steel, and coal. Here is produced 75% 
of our wheat, 65% of our corn, 40% of 
our copper, 74% of our zinc, 46% of our 
lead, and 100% of our flax. In this heart 
area are found our largest cities, the 
center of population, and the focus of 
railroad transportation and hydro-electric 
power. To guard this area we depend 
upon the bases of Iceland, Newfoundland, 
and the Azores. German military bases 
in Norway and Africa are only 2000 miles 
from Newfoundland, 1600 miles from 
Iceland, and 1500 miles from the Azores. 
The Azores are situated 2100 miles from 
New York, Iceland 1300 miles northeast 
of Newfoundland, and Newfoundland 
only 1000 miles from New York. The 
best defense for both Canada and the 
United States is control of the Atlantic. 
The situation in relation to the defense 
of the western seaboard, at once, de- 
mands the discussion of the defense of 
Alaska and our Pacific possessions. The 
question also must include Japanese and 
Russian far eastern military activity. 


‘ 


Our island in Bering Straits, Little Dio- 
mede, is only two miles from Russian 
owned Big Diomede. Here the Russians 
are building air bases. The difficulty of 
maintaining Big Diomede is impossible 
for it is 2500 miles to the nearest point 
on the Trans-Siberian Railroad and there 
are no other roads. Alaska is rapidly 
becoming a powerful military base, both 
coastal and internal. The real value of 
Alaska lies in the southern extension— 
the Aleutian Islands. This string of 
islands extend from Alaska toward Japan. 
Dutch Harbor, in the Aleutians, is 2500 
miles from Yokahama and Tokyo, the 
heart of the Japanese Empire, while it is 
4300 miles from Yokahamo to Seattle. 
Japan, then, is within the 2500 mile 
range of our bases—the southernmost tip 
of the Aleutian Islands, and not the west 
coasts of continental United States. Ig 
we reverse the situation we find the very 
heart of Japan within striking distance 
of Uncle Sam. 

Japan has also the Pacific possessions 
to contend with. Chief of these posses- 
sions is Hawaii. It is 2000 miles from 
the Hawaiian Islands to the west coasts 
of the United States—too far for an air 
force attack. With the fortification of 
Galapagos, no fleet could operate between 
Alaska, the Hawaiian Islands, Galapagos, 
and the Panama Canal. Japanese fleets 
are built to operate in Japanese waters 
with frequent supply bases. The Jap- 
anese navy cannot carry fuel enough to 
attack the west coasts of continental 
United States. 

The factor of position in hemisphere 
defense is truly a study in geographic 
reality. 
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GOPHER-HOLE BARITE MINING IN WASHINGTON 
COUNTY, MISSOURI 


ARTHUR B. CozzENS 
University of Illinois, Urbana, Illinois 


One of the most critical problems of 
human readjustment in the Ozark Prov- 
ince is that associated with gopher-hole 
barite mining in Washington County, 
Missouri. Barite, or “tiff,” as the natives 
call it, is a soft, heavy, white mineral 
used principally in the manufacture of 
paint and as a “heavy mud” in the drill- 
ing of oil wells, In Washington County 
the tiff occurs in a thick layer of mantle 
rock from which it is easily extracted. 
Most of the mines are small hand oper- 
ated workings, but stripping operations 
have expanded considerably since their 
introduction in 1924. The hand mines, 
which belong to a type known as gopher- 
holes because of their small size, con- 
sist of shafts approximately five feet in 
diameter and usually 20 feet or less in 
depth. As the work proceeds, the lower 
part of the shaft is enlarged in the, shape 
of a jug, the extent of the excavation 
being limited by the danger of collapse 
of the loose mantle rock. Equipment con- 
sists of a log windlass, a bucket made 
from half an oil barrel and a “rattle 
box,” or shaker for separating the barite 
from clay and other surficial impurities. 
For more thorough ‘cleaning, a small 
handmade pick-hatchet called a “picka- 
wee” is used to chip off incrustations of 
iron oxide. The mine crew consists of 
two men each of whom may earn, under 
favorable circumstances, $2.00 or more 
per day. However, if the price of barite 
is low, the worker lazy or the deposit 
poor, earnings may be as little as $2.00 
per week. 

Most of the hand-operated mines are 
located on old Spanish grants about 60 
miles south of St. Louis between the 
towns of Desoto, Jefferson County, and 
Potosi, Washington County. From Span- 
ish times is inherited the paternalistic 
system under which operations are con- 
ducted. Land owners build on their prop- 
erty small cabins which are offered, rent 
free, to miners as an inducement to settle 
and produce barite. Barite dug on the 


& 


land is sold either to the owner or to 
buyers who pay the miners for the min- 
eral and credit the owner with a royalty 
based on tonnage. Despite increasing 
competition of lower cost areas using 
machinery, hand mining proved satisfac- 
tory to both miner and land owner until 
the Depression. At this time, when busi- 
ness began to slacken, large numbers of 
men thrown out of other employment in 
neighboring areas went to Washington 
County, because barite digging offered an 
easy means of making a bare living. As 
a result of this influx of migrant work- 
ers, a great increase in barite production 
occurred. The owners felt morally obli- 
gated to buy from the miners on their 
land, but, in absence of a favorable mar- 
ket, could not also receive tiff from out- 
siders. Hence, they discontinued pur- 
chases of the mineral from land other 
than their own and labor troubles follow- 
ed. These disagreements have largely 
been settled, but the problems of the 
native barite miner are still unsolved. 


The indigenous hand miner is com- 
peting with machinery, and the demand 
for his product has decreased due to ex- 
panding production of high grade, low 
cost barite in Tennessee and elsewhere. 
Furthermore, because of the practice of 
mining the richest material available, the 
deposits are becoming progressively 
leaner and the output per man lower. 
At present, much of the land has been 
worked several times in a rather hap- 
hazard manner; hence, it is now difficult 
to find virgin ground. Ultimately, this 
condition, together with increased local 
mechanical mining, will eliminate many 
of the native hand miners. This consti- 
tutes a serious problem, for most of the: 
miners are unable to adapt themselves. 
to new tasks. Unfortunately, these peo- 
ple of the tiff district are almost com- 
pletely uneducated, and those who are 
more than 20 or 30 years of age are, as a 
rule, too fixed in their ways to learn new 
methods of making a living. A consid- 
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Fig. 1.—Higher type native miners, shaft head, windlass, and rattle box. 


erable part of the group, therefore, is 
too old to learn, but too young to receive 
government pensions. 


Inbreeding through many generations 
and diet deficiencies have seriously re- 
duced the ability and aptitude of the tiff- 
miners. Most of them are members of 
French families who settled in what is 
now Washington County in the eighteenth 
century and who have remained in the 
same neighborhood, rarely marrying out- 
side the group. Diet inadequacies are 
due partly to poverty, partly to the 
miners’ aversion to agriculture. Only a 
few barite diggers raise gardens, and, be- 
cause of steep hills and stony soil, farms 
are few. As a result, fresh vegetables 
must be shipped from other areas at 
prices which place them beyond the reach 
of the miners. Fresh meat, likewise, is 
not available in sufficient quantities. 
Some miners raise a few chickens or 
perhaps one or two pigs; however, the 
dangers presented by gopher-holes ex- 
clude cows from the area. Consequently, 
subsistence depends almost entirely upon 
bacon, dried beans, potatoes, flour and 
canned goods. Diet deficiency is aggra- 
vated also by the ownership of one or 
more old cars by each family. Money 


needed for food is spent for transporta- 


tion, which, although convenient, is usu- 
ally not necessary. 

For the future, it is essential that 
plans be made to prevent increasing num- 
bers of unemployed tiff miners from be- 
coming public charges. Improved em- 
ployment conditions elsewhere will at- 
tract most of the migrant tiff diggers, but 
the native miners will remain to consti- 
tute a major local problem. Probably 
the best solution lies in the education of 
the young people for new occupations. A 
few may engage in crop raising, despite 
unfavorable soil and land slopes, and 
some may learn stock raising, although 
this occupation requires considerable 
capital and employs only a few workers. 
Larger numbers may learn various hand- 
crafts, and, if electric power were made 
available, small local factories could be 
established to utilize the cheap labor. 
With proper forest management, it is 
probable also that a few will find employ- 
ment in lumbering. 

Older miners who are incapable of 
learning new skills can continue hand 
mining at a fair profit by working small 
rich deposits in the pits made by me- 
chanical mining. This employment will 
be available until the barite deposits be- 
come exhausted possibly fifty years 
hence. 
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GROWTH OF ROBINSON, ILLINOIS 


ALDEN CUTSHALL 
University of Illinois, Urbana, Illinois 


Robinson is only one of the many small 
cities of southern Illinois that has ex- 
perienced a somewhat uniform growth 
over a period of years. Although located 
on the undulating terrain of the Illinois 
till plain and only a few miles from the 
fertile alluvial lands of the Wabash 
River, it is not essentially an agricultural 
community. More so, it is a community 
whose economy has resulted from a com- 
bination of manufacturing, agriculture, 
transportation, and human initiative. 


EARLY DEVELOPMENT. — Palestine, six 
miles east of Robinson, was the first 
settlement in this section of the state and 
became the county seat of Crawford 
County when the latter was organized 
in 1818. As new communities developed 
in the western portions of the county the 
necessity of removing the county seat to 
a more central and convenient location 
became more and more apparent. In 1843 
the present site was chosen by popular 
vote, although Hebron and Hutsonville 
were also contestants for the honor and 
offers of land were received from many 
other points. 

Early growth was slow, the estimated 
population in 1865 being placed at 400 
persons. Prior to the Civil War, there 
was little money in circulation. Many of 
the merchants sold goods on a year’s 
credit and were paid in crops or livestock 
during the summer and fall. In some 
cases they fattened this livestock on their 
own farms, owned packing houses on the 
Wabash River, the principal commercial 
artery, and shipped pork, beef, and grain 
to New Orleans. These conditions re- 
mained relatively unchanged until the 
Paris and Danville Narrow-gage Railroad 
was extended to Robinson in 1875. The 
railroad gave Robinson a decided advant- 
age over its competitors on the Wabash, 
namely, Palestine and Hutsonville, these 
two having more-or-less overshadowed 
their upland neighbor prior to that date. 
Five years later an _ east-west line 
(Springfield, Effingham, and Southwest- 
ern) gave the village added commercial 
advantages and helped to place the trade 


on a firmer basis. Manufacturing came 
gradually: saw mills and grist mills 
first, then an ice plant, and finally a glass 
factory. 


DEVELOPMENT AS AN OIL CENTER.—The 
discovery of petroleum in southeastern 
Illinois caused Robinson to experience 
a rapid growth in population and all 
lines of activity, the development in 
Crawford county reaching a peak about 
1907. By this time the two railroads 
had become a part of the Big Four 
and Illinois Central Systems respectively 
and machine shops, tank factories and a 
small refinery were attracted by 1908. 
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Fig. 1.—Robinson’s industries are located 

along the railroads and the principal ones 
are on the urban periphery. (R indicates 
Robinson Casket Company.) 
Since that time the growth of the com- 
munity has been closely associated with 
the petroleum industry. The population 
increased 100 per cent between 1900 and 
1910, then declined slightly, but has in- 
creased again within the last fifteen 
years. This can be attributed in part to 
the growth of the refinery. 

The locally owned refinery was pur- 
chased by the Ohio Oil company in 1924 
and the plant capacity was increased 
more than 500 per cent within a period of 
about two years, and subsequently en- 
larged on two other occasions. This plant 
is handicapped by the absence of a near- 
by metropolitan market, so most of the 
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products are marketed within the local 
area. Only lubricating oils, road oils, and 
fuel oils offering competition in Chicago, 
St. Louis, and Cincinnati markets. 


More ReEcENT INDUSTRIAL GROWTH.— 
The second important manufacturing 
plant is W. I. Case and Company locally 
called the “pottery”, which manufactures 
a complete line of bathroom fixtures. 
It had its origin about 20 years ago 
and in 1924 was manufacturing only 
three items. Other products have been 
added to meet competition and the 
company now serves a national mar- 
ket, and has a small export business to 
South America. This plant, employing 
300 persons during the peak season, has 
not grown because of any natural ad- 
vantages of the region, although adequate 
labor and transportation facilities have 
permitted it to develop unhampered. 
Forty per cent of the clay is imported 
from England and the rest comes from 
Indiana, Kentucky and Tennessee, while 
other materials arrive from [Illinois and 
the Dakotas. Local oil products are 
used, but their price is based upon Tulsa 
freight rates so this results in no loca- 
tional advantage. 

A combination dairy-candy-beverage 
plant, has also added to the industrial 
diversity within the last quarter of a 
century. It began in a small way and 
supplementary items were added and the 
plant capacity increased at intervals as 
the need arose. It, however, is more de- 
pendent upon local materials and local 
markets, as only the candy is sold beyond 
a limited area in southeastern Illinois 
and adjacent Indiana. 

Other types of manufacturing are a 
casket factory and two’ oil well supply 
concerns. The origin of the latter dates 
to the previous oil development, but their 
present status is indicative of the recent 
growth of the industry in southern IIli- 
nois. 


THE RECENT Or. Boom IN SOUTHERN 
InLino1s.—In February, 1937 Pure Oil’s 
test well at Clay City, about 50 miles 
southwest of Robinson, ushered in a new 
era of oil speculation and development in 
southern Illinois. Although this new ac- 


tivity has been almost entirely outside 
the limits of the earlier oil field, the 
older cities to the east, Robinson and 
Lawrenceville especially, have been the 
indirect recipients of renewed growth 
and increased prosperity. The refineries 
have expanded their capacity and are 
connected by both rail and pipe line with 
many of the new fields. The drilling and 
oil well supply companies, as already 
mentioned, have experienced a suddenly 
increased demand for their products and 
services. In fact, the Bradford Supply 
Company moved its main offices from 
West Virginia to Robinson early in 1938. 


Conc.usion.—In conclusion, Robinson’s 
development has undergone many 
changes. Settlement was retarded until 
the present century because the village 
was only one of several small market 
centers that served the agricultural popu- 
lation of the nearby countryside. Then 
the discovery of oil caused an im- 
mediate increase in population, which 
was accentuated by the construction of 
the Wabash Refinery in 1915. The refin- 
ery has remained the major supporting 
industry, but other manufacturing estab- 
lishments were built by local men or 
were attracted by the cheap land, low 
taxes, convenient transportation facilities, 
or the abundance of labor. The labor sup- 
ply can be attributed to at least two 
factors. (1) Many families moved to 
Robinson during the oil boom and then 
remained after peak production had been 
reached. (2) The greater mechanization 
of agricultural practices produced a sur- 
plus of farm labor that was eager to ac- 
cept other types of employment. 


Residential expansion has progressed 
consistantly, but not rapidly. At present 
there is a shortage of housing facilities 
and rents are abnormally high. This can 
be attributed to the greater demands of 
the last few years which have paralleled 
the current industrial expansion. In 
brief, Robinson no longer has the charac- 
ter of a one industry town. Manufactur- 
ing is sufficiently diversified that the 
community life and prosperity are only 
partially dependent upon the petroleum 
industry. 
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ORIGINAL FOREST VEGETATION IN A GLACIATED AREA 


Pau W. Icke, University of Illinois, Urbana, Illinois 


The Northern Lakes Region of Wiscon- 
sin may be considered as an area repre- 
sentative of the glaciated portions of the 
Upper Lakes States Region. Approxi- 
mately sixty percent of the surface of 
this sub-region is composed of outwash 
materials, parts of which are extremely 
level while other portions are broken 
or choppy. These latter irregular sur- 
faces are due to the presence of numer- 
ous kettle holes or post-glacially eroded 
channels. The remaining forty percent 
of the region, primarily found in the 
peripheral sections, has a surface of till 
material. The surface configuration of 
the ice deposited debris ranges from 
rolling through choppy to rough. In all 
portions of the region lakes, marshes and 
swamps are to be found located in kettle 
holes, post glacial channels or blocked 
pre-glacial valleys. 

The natural dynamics of forest ecology 
in this region of youthful landforms was 
abruptly terminated with the advent of 
lumbering activity during the late 19th 
and early 20th centuries. Since the last 
ice retreat many adjustments of vegeta- 
tion to the numerous environmental con- 
ditions had been made, while others were 
in progress when the disruption by man 
occurred. One of the chief adjustments 
of vegetation to habitat was found to be 
between forest species and glacial mate- 
rial, for as can be seen from a compari- 
son of the two accompanying maps, vege- 
tational types in the core of the area, 
which is composed of glacio-fluvial mate- 
rial, contrast with those in the peripheral 
sections where -till materials are found. 
In general, the exclusively softwood, pre- 
dominantly softwood and the mixed for- 
est associations prevailed on the more 
sandy and droughty outwash while the 
predominantly and exclusively hardwood 
(including hemlock) associations were 
limited to the heavier morainic materials. 

The close correlation between glacial 
surfaces and vegetation can readily be 
shown by representative survey sections 
in the contrasting glacial types and 
noting the forest species which were 
found there by the surveyors of the 
original land survey. On the section 
lines bounding section 33 in T. 42 N., R. 














10 E., an area of Plainfield Sand soil 
developed on a flat, sandy outwash sur- 
face, softwoods were found exclusively. 
Red pine (Pinus resinosa), white spruce 
(Picea glauca), black spruce (Picea mari- 
ana), tamarack (Lariz laricina) and bal- 
sam fir (Abies balsmea) were the soft- 
wood species supported. In contrast, a 
survey section (Sec. 32, T. 42 N., R. 12 
E.) in rolling morainic material (Ken- 
man Silt Loam) revealed yellow birch 
(Betula lutea), sugar maple (Acer sac- 
charum) and hemlock(Tsuga canadensis) 
on the well drained sites with some white 
cedar (Thuya occidentalis) and tamarack 
in the swamps. Many portions of the 
outwash plain contain varying amounts 
of reworked till of earlier origin, allow- 
ing for the presence of a greater com- 
ponent of fine soil particles in such areas. 
(Example: Sec. 9, T. 41 N., R. 8 E.; Vilas 
Sandy Loam). Likewise, sections of 
ground moraine in the eastern marginal 
areas contain a fair percentage of sand 
particles in the glacial till. (Example: 
Sec. 30, T. 41 N., R. 11 E.; Kennan Fine 
Sandy Loam). In both instances the 
vegetational cover consisted of mixed 
forest species.’ 


The representative, contrasting, forest 
associations were found almost exclusive- 


1 See Wilde, S. A. The Relation of Soils and Forest Vegetation of the Lake States Region, Ecology Vol. 


14, No. 2, 1933, pp. 94-105 for a detailed treatment of relation of forest vegetation to soil texture, structure, 


moisture content and parent material. 
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ly on sites where root penetration was 
entirely above the ground water level. 
Surfaces intermediate in height between 
swamp and upland levels where roots 
were periodically influenced by the 
ground water level had different admix- 
tures of soft and hardwood trees. Swamp 
lands supported still other forest asso- 
ciations, the particular type dependent 
upon the variety of peat present and the 
percentage of mineral matter contained 
in the “soil’’. 

The distribution of original forests in 
this geographical area was of great signi- 
ficance in determining the present cul- 
tural patterns. The highly coveted pine 
timber of the outwash plains was respon- 
sible for the extension of railroads into 
and through those sections. A few of 
these routes remain as rail lines while 
others have been converted for use as 
automobile roads or fire lanes. Likewise, 
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many of the settlements of the pineries, 
originally functioning as lumber towns, 
are now flourishing recreational settle- 
ments. The hardwood lands, on the 
other hand, having been lumbered later, 
contain fewer cultural phenomena, as 
portable sawing equipment in use later 
and the trucking of logs to previously es- 
tablished settlements lessened the neces- 
sity of town and railway construction in 
the morainic sections. The apparent 
anomoly of greater concentration of agri- 
cultural development on the light, drough- 
ty outwash instead of on the heavier 
more fertile till material is primarily due 
to the fact that the latter areas are often 
excessively bouldery or extremely irregu- 
lar in surface. Furthermore, by the time 
most of the hardwood lands were logged 
over few additional acres were being 
cleared owing to the occurence of the 
nation-wide agricultural depression. 
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WATER IN SOUTHERN ILLINOIS 


ANNEMARIE KRAUSE 
Southern Illinois University, Carbondale, Illinois 


The portion of the State of Illinois 
south of the Baltimore and Ohio Rail- 
road, or south of a line drawn eastward 
across the State from St. Louis, will be 
called Southern Illinois in this paper. 
As a cultural feature this boundary line 
exerts no influence on Southern Illinois, 
but as a physical feature, it marks the 
southern limit of thick glacial drift. 

In two-thirds of the state, ground water 
is tapped for 80% of the public water 
supplies. In the southern third 75% of 
the public water supplies are of surface 
origin. (Fig. 1). 

The problem of this paper is two-fold: 
(A) to analyze the factors responsible 
for the large number of surface supplies, 
(B) to understand the problems of rural 
dwellers and communities dependent on 
these supplies. 

A study of environmental factors is of 
primary importance. 

1. The character of the bedrock.— 
Most of the bedrock of Southern Illinois 
(fig. 2) is Pennsylvanian. About four- 
fifths of this series consists of impervious 
shale, with alternating seams of coal, 
dense limestones and sandstones. The 
thicker sandstone formations occurring 
in the lower portion of the series contain 
salt water. Other sandstones yield small 
supplies of fresh water to shallow wells, 





Fig. 1.—Seventy-five per cent of the public 
water supplies of Southern Illinois are of 
surface origin. (Drift is used in welldrillers’ 
sense: unconsolidated material.) 


but even here the degree of mineraliza- 
tion is considerable. 

The compact Devonian (fig. 2) lime 
stone in Union and Alexander counties 
are unimportant as aquifers. In the Mis- 
sissippian series, (fig. 2) limestones with 
solution cavities and sink holes are the 
best water bearers. Farm wells in it are 
only relatively successful, since a sharply 
defined water channel must be tapped for 
a supply. 

The Tertiary gravels on the southern 
border of the state are good aquifers. 

2. The character of the mantle rock 
and soil.—Pleistocene glaciation has left 
its indirect mark in the water laid sand, 
silt, and gravel on the large floodplains. 
On the upland, the thickness of the drift 
varies from thirty feet to ten feet near 
the southern limit of glaciation. The 
sand and gravel lenses of the drift con- 
tain sufficient water for small consumers. 
The northeastern quarter however, is un- 
derlain by considerable areas of imper- 
meable drift. The loess or loess like 
material originating from the floodplains 
of the larger streams decreases in thick- 
ness with distance from the source. The 
proportion of clay, however, seems to in- 
crease, resulting in heavier and less por- 
ous soils in the eastern than in the west- 
ern part of the state. 





Fig. 2.—The Pennsylvanian, consisting 
of impervious shale, seams of coal, and dense 
limestones and sandstones, dominates South- 
ern Illinois. 
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The upland soils, derived from these 
parent materials are modified Gray 
Brown Podzolic soils without normal pro- 
files. Characterized by claypan, they are 
acidic, low in organic matter and in all 
elements of plant food. Thus, their 
water absorbing capacity is low, yet their 
water holding capacity for surface sup- 
plies is great. 

3. The relief and drainage. — The 
greater relief of Southern Illinois is evi- 
dent on the map of the State showing 
major contours. The unglaciated Ozark 
ridge, classified as rough plain, is at an 
average altitude of 600-700 feet and above 
the adjacent area by 200-300 feet. The 
glaciated zone, only thinly mantled with 
drift, shows preglacial lines only slightly 
changed. In contrast to the rest of the 
State in which glaciation was _ rela- 
tively recent, the normal cycle of erosion 
has advanced farther. 

Bounded by the Wabash, Ohio and Mis- 
sissippi systems; the Kaskaskia, Big 
Muddy, Little Wabash, Embarrass, Saline 
and Cache are well developed systems 
within the State. Distinctly flat inter- 
fluves are limited, and runoff and seep- 
age to the drainage channels is rapid, 
limiting ground water storage but facili- 
tating surface collection in the dammed 
valleys of small streams and creeks. 

4. The character and distribution of 
precipitation.—Located in the transition 
zone between the humid continental and 
humid subtropical climates, Southern 
Illinois has a slight tendency toward a 
spring and early summer maximum of 
precipitation. The average precipitation 
of 42.38 inches (50 year period) is well 
distributed with 314 inches or more re- 
corded for each of seven months. Two 
months have over four inches and only 
one month less than three inches. Aver- 
ages, however can be very misleading; 
this past year the average was about 32 
inches, and the distribution ‘unsatisfac- 
tory from tle standpoint of‘surface water 
supply: 

The rainfall is largely of thunderstorm 
origin. ‘Thus variability from season to 
season is pronounced and within a short 
distance there is a wide range. The run- 
off resulting from the summer downpours 
is rapid, much of it is evaporated or used 
by vegetation, and only the cyclonic 
storms of winter bring the maximum 
opportunity for the replenishment of 
ground water resources. 


5. Cultural factors affecting ground 
water.—In the coal mining district, 
water which enters the mines must be 
pumped out to facilitate mining opera- 
tions. This under-pumping lowers the 
water table. 

Clean cultivation, the removal of gorest 
and sod, and the drainage of wet lands 
hasten runoff. Again, subsequent re- 
charge of ground waters is restricted. 
Thus the environmental factors of rough 
plains, impermeable soil, well developed 
drainage systems, and character and dis- 
tribution of rainfall which are hamper- 
ing ground water storage, favor man in 
surface water storage. 

Three traverses were made to sample 
water supplies of rural areas. 

The floodplains.—The Mississippi flood- 
plain in the vicinity of Fountain Bluff 
demonstrates the ease with which ground 
water is obtained. A pipe with a screen- 
ed point is driven down from 20-50 feet. 
A pump is attached to the upper end of 
the pipe. This locally is not a “well”, 
but a “pump”. 

In Gorham, most water is hard. It has 
to be “broken” for washing and drinking. 
Cistern facilities seem to be limited to 
the wealthier class, gor there are but ten 
cisterns in a population of 600. The 
Missouri Pacific Railroad has a ten-inch 
well bored to a 90-foot depth. The water 
must be treated with lime and soda-ash 
for locomotive use. 

Sand Ridge, nearer the Big Muddy than 
the Mississippi, taps soft water at about 
33 feet. Fortunately, for the sand pre- 
cludes the construction of cisterns, this 
water is adaptable to all household uses. 

The ease with which water is obtained 
is duplicated on the Wabash, Ohio, and 
the larger tributary floodplains of South- 
ern Illinois. 

The Uplands.—The upland traverses 
were in two genetically different regions. 
The unglaciated Ozark ridge of consider- 
able local relief contrasts markedly with 
the flat interfluve of impermeable drift 
overlain by thin loess or loess-like mate- 
rial. 

In the seven mile traverse of the Ozark 
Ridge on U. S. 51 between Cobden and 
Carbondale on 31 farms there are only 
8 wells, dug to 35-40 foot depth. The 
yield is undependable, the water hard. 

Cisterns are used almost exclusively 
for household and stock purposes, sup- 
plemented by ponds for stock and spray 
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mixtures. The ponds are in part dammed 
up draws, in part excavations of five or 
six-foot depth located strategically to 
catch runoff. With normal rainfall many 
ponds last through the summer, while 
in years of rainfall deficiency as 1935 and 
1939, wells, cisterns and ponds were dry 
and water was purchased from Carbon- 
dale. On a number of farms additional 
water could have been collected in cis- 
terns but either man takes a chance or 
the cost of putting in an emergency cis- 
tern is too great. Assuming that this 
sample is typical, one concludes that the 
unglaciated Ozark Ridge depends on sur- 
face water supplies almost exclusively. 

The ten mile upland traverse south 
ward from Pyramid (Junction Illinois 15 
on U. S. 51) lies on the interfluve between 
tributaries of the Big Muddy and the 
Kaskaskia system. The data are from 
a smaller number of cases (18), as the 
farms are of the general farming type 
in contrast with the fruit farms of the 
Ozark Ridge. The dependability of the 
wells fluctuates with precipitation. Dur- 
ing a period of cumulative rainfall de- 
ficiency in 1934 and 1935, some of these 
wells went dry. A few farmers bored 
two-inch holes from 5-18 feet into the bed- 
rock to tap lower aquifers, but their 
water has not been as palatable since 
that time. Since the hardness of the 
water varies, cisterns are supplemental 
for general household use or laundrying. 
Noteworthy exceptions were the two 
rural schools which had cisterns only. 
As wells and cisterns on one-half the 
farms were of the “old oaken bucket” 
type, stock ponds were considered essen- 
tial labor saving devices. 

The uplands wells thus far discussed 
have been relatively shallow. Their yield, 
however, suffices the village household or 
average farm demand. Stock or dairy 
farmers have of necessity sunk their 
wells to one of the water bearing rock 
strata which assures them of a perma- 
nent supply. Thus one may conclude 
that the relatively shallow upland wells 
vary with topography and soils, and on 
the basis of these traverses the Ozark 
Ridge is poor in ground water and the 
northeastern quarter underlain by im- 
permeable drift depends on wells supple- 
mented by surface waters. 

Municipal Water Supplies—In the 
northern third of the State, wells of vary- 
ing depth tap the copious sandstone 
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aquifers. In the’ Central and Northern 
thirds drift wells also yield abundant 
water of good quality. Good and abund- 
ant water is available at low cost to 
municipalities. At Champaign-Urbana, 
the minimum domestic rate is $1.67 per 
quarter for 4500 gallons or 36c per 1000 
gal. per quarter. In the Southern third 
of the State there is neither adequate 
glacial drift nor bed rock to yield good 
water in large quantities (the drift wells 
on map use “drift” in well-drillers sense 
as unconsolidated material.) 

The Coal Measures (fig. 2) which are 
meager in ground water have in places 
sufficient supplies for towns of 900-1200 
population (as New Baden, Steeleville, 
Trenton, Red Bud, etc.) Cities over 7,000 
however, such as Marion, Williamson 
County, and Carbondale, Jackson County, 
had wells at depths varying from 400-960 
feet. The water contained considerable 
mineral matter of which sodium chloride 
was the most objectionable, and since the 
maximum pumpage was not enough to 
furnish the domestic users with an ade- 
quate supply, surface supplies were pro- 
vided. 

The karst limestones furnish water to 
several towns, the largest Anna (3500). 
During the 1934 drought the Anna city 
wells supplied the domestic needs of the 
town, the State Hospital for the Insane 
(2210-2400 population) and the industrial 
needs of the Illinois Central Railroad. 
The total capacity of all wells was needed 
for this emergency. Whether the wells 
could supply this amount indefinitely is 
not known. Residential consumers pay 
62.5¢c per 1000 gallons per quarter. (These 
rates includes the new filtering plant 
costs installed 1937.) 

As indicated in fig. 1 surface waters 
from rivers, and impounding reservoirs 
supply 63 communities. (The map omits 
municipalities who buy treated water 
from neighboring communities, [East St. 
Louis alone serves 11 municipalities] 
nor is any attempt made to show the dis- 
tribution of railway, mine or industrial 
reservoirs). 

The Mississippi, Ohio, Wabash, Kaskas- 
kia, Big Muddy and some of their tribu- 
taries provide municipal supplies. But 
neither the cost of developing a source 
nor the provision of an adequate supply 
in drought years is a pressing problem. 

Communities without an adequate sup- 
ply from streams must impound water. 
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Their problems include: selection of a 
reservoir site, buying land for the reser- 
voir, constructing a dam, and in common 
with river supplies there is the cost of 
laying supply pipes, and erecting a filter 
plant. It is self-evident that the financial 
obligations of such an undertaking are 
considerable, not to mention the continu- 
ous cost of treating water. Usually little 
more than the actual reservoir site is 
owned by the water company. Since 


City A Drainage basin 2560 A, Storage 
full 145 A. 

City B — basin 2816 A, Storage 
full 85 A 

City C Drainage basin 5862 A, Storage 
full 128 A. 


City A seems to be at a disadvantage in 
reservoir surface as regards evaporation, 
and shallowness may cause the water to 
be excessively warm in summer. 

Domestic water rates vary. Some 
municipalities which tap the almost un- 
limited river resources pay as little as 
33 1/3c per 1000 gallons quarterly, most 
other surface water users have much 
higher rates, varying from 331/3c to 
$1.16 + per 1000 gallons per month. This 
high cost of water, in part a result of 
the large investment necessary for im- 
pounding reservoirs, practically bars 
water systems in communities of less 
than 2000. Under W.P.A. aid one system 
was installed in a town of 1,100, but a 
previously existing lake was utilized, 
thus not charged against the cost of the 
system. A unified water plan would do 
much to reduce water costs for munici- 
palities, mines and industries. 

So far we have assumed an unfailing 


U 


there is no control over the use of the 
watershed cultivation may at times cause 
the “solids” content of water to be high 
and sedimentation of reservoirs necessi- 
tates some dredging. Relatively small 
watersheds may furnish an abundance of 
water provided adequate storage is pos- 
sible. Reservoir surface must be in pro- 
portion to storage capacity to reduce 
evaporation. Data for the following cities 
illustrates the point. 


392 million gallons, Lake surface when 


225 million gallons, Lake surface when 


760 million gallons, Lake surface when 


supply of water. However, variability 
in annual and seasonal precipitation 
causes much concern to the Southern part 
of the state. Cumulative rainfall defici- 
ency the past year caused the cyclonic 
drizzles of winter to be absorbed by the 
parched ground. The early spring rains, 
the most important source of reservoir 
replenishment, have been below normal 
in amount. Although several million 
gallons of runoff were added to reservoirs 
in early April the cumulative precipita- 
tion deficiency January 1 to April 30 is 
5.11 inches (Carbondale data). 


The dependence of surface water sup- 
plies on rainfall, especially on rainfall 
that furnishes runoff is clear. Of course, 
an actual shortage of water need never 
occur if sufficient storage is available, 
however the cost of providing that addi- 
tional storage is, at present, too high for 
most communities. 
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THE URBANIZATION OF SOUTHERN ILLINOIS AND ITS 
RELATION TO NATIONAL DEFENSE 


JosePH E. VAN RIPER 
Southern Illinois Normal University, Carbondale, Illinois 


The growing crescendo of national de- 
fense is being felt more and more in the 
everyday life of the people of Southern 
Illinois, but probably to an even greater 
degree than in most other portions of the 
United States. There have been whisper- 
ings in the wind that new defense indus- 
tries may enter the area. These may be 
only whisperings, but they are producing 
new ‘hopes for thousands of Southern 
Illinois residents. These people need a 
new source of regional income, and need 
it desperately. This portion of the state 
is due for some kind of pronounced 
change in its general welfare. Whether 
or not this change will be to the good, 
remains to be seen, but to geographers, 
any change in the economy of an area 
should be of special interest, and there- 
fore a brief summary of present condi- 
tions is presented here. 

A glance at a map showing the dis- 
tribution of urban agglomerations in Illi- 
nois reveals a compact cluster of urban 
aggregates in the southern part of the 
state exceeded only in the Chicago and 
East St. Louis metropolitan areas. (See 
Fig. 1.) The population center of this 
“scattered big city” is located a short 
distance northeast of Herrin, and approx- 
imately 200,000 people live within a 
radius of 25 miles of this center. An 
unusual feature of this area is the small 
size of its cities. West Frankfort is the 
largest of them, and has a population 
only slightly more than 12,000. Most of 
the towns have between 1,000 and 5,000 
residents. A closer view of this area 
shows that the pattern of these towns 
and cities has an even texture, only the 
small agglomerations showing a tendency 
toward grouping. (See Fig. 2.) 

Mining is the basic economy of this 
urbanized area, and most of the agglomer- 
ations are, or were, mining towns. The 
saxicultural function however, is most 
dominant in the smaller centers. They 
have a much lower percentage of com- 
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Fig. 2. 

mercial establishments to total popula- 
tion than the larger towns, and this per- 
centage has steadily declined with the 
advent of paved roads and the auto- 
mobile. To a stranger, these small towns 
seem much smaller than they actually 
are because their business districts are 
so undeveloped. West Frankfort, Herrin, 
Marion, and others are important region- 
al marketing and residential centers, and 
many of them have large coal mines near 
their borders. The most remarkable fact 
concerning these urban centers is their 
lack of manufacturing, other than the lo- 
cal type such as bakeries and ice plants. 
The regional service function is closely 
linked with mining, since it serves the 
small mining towns and the rural popu- 
lation, a large proportion of whom are 
part-time miners when employment is 
possible. 

The inter-urban areas show a density 
of population much higher than in most 
other portions of the state. Many of the 
farms are part-time in character, and 
are small in size. In a survey made of 
three townships in the center of the area 
under discussion, it was found that 40 


“Labor Supply in the Southern Illinois Industrial Area’; Report prepared for the 


Construction Division of the National Defense Commission; 1941. 
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RURAL SETTLEMENT 
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Fig. 3. 


to 60 acres is approximately the average 
size of farms. Fig. 3 shows the rural 
settlement pattern of one of these town- 
ships. In this example, a fairly dense 
pattern is observed, particularly along 
the paved roads, although this township 
is the one having the least number of 
rural residences of the three. Most of 
the urban agglomerations have well de- 
veloped urban-rural ecotones' spread 
along the paved roads near their borders. 

Any area so wholly dominated by one 
type of occupation must exhibit uniform 
qualities in its entire social and economic 
position. This fact is strikingly illus- 
trated in this mining district. Unfor- 
tunately this uniformity conforms to a 
very low economic level. One of the best 
indicators of this regional poverty at the 
present time is the incidence of welfare 
relief. Williamson and Franklin coun- 
ties are the two most important coal 
mining counties in Illinois. According 
to the January, 1941 report of the Illinois 
Emergency Relief Commission, 44.4% of 
the people in Williamson County, and 
35% of those in Franklin County were 
dependent upon welfare relief of some 
kind. The figure for Williamson County 
was the highest in the state. 

In order to determine more precisely 
the distribution of low income families, 
and to make certain that this distribu- 
tion was not concentrated in either the 
urban agglomerations or the rurak dis- 
tricts, the writer undertook a quality 
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Fig. 4. 


rating survey of the rural districts in 
three townships and one of the smaller 
urban communities. Each rural resi- 
dence was plotted on a base map, and 
was given a quality rating of 1 to 5; 1 
representing highly superior farms and 
residences, and 5 the lowest quality. The 
ratings were not based upon regional 
averages, but upon experience in such 
rating surveys made in widely separated 
areas in the United States. The average 
rating No. 3 therefore, is more of a na- 
tional norm than a regional norm. It is 
not merely a housing survey, since many 
additional factors besides quality of 
houses are taken into consideration. Figs. 
4 and 5 show the distribution of the 
quality ratings in Six Mile Township, 
Franklin County. The maps are self 
explanatory, and indicate the low stand- 
ard of living in the rural areas. Fig. 6 
shows a series of patterns in one of the 
smaller urban agglomerations. Note the 
correlation between welfare relief and 
the low quality ratings; also the extreme- 
ly high incidence of relief, despite the 
fact that this small population center has 
an operating mine near its border. Most 
of these smaller centers today are not so 
fortunate. They are in pitiful economic 
condition for many reasons, among 
which are the following: 

(1) These centers had fewer mines, 
hence when many of the mines ceas- 
ed operations, such towns were left 
with little or no income. 
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(2) Economic opportunities are less 
varied than in the larger centers. 

(3) Welfare relief has tended to prevent 
migration. 

(4) While the labor supply in this area 
is highly mobile, the residence of 
labor is extremely stable. In other 
words, while the miner is willing to 
drive as much as 20 to 30 miles to 
work he is hesitant to move his 
family from the home community. 
(This may be the result of mixed 
blood lines, or a characteristic com- 
muna: feeling.) 

The low standard of living over the 
area is almost entirely the result of 
economic conditions in the coal mining 
industry. The increased use of machin- 
ery in mining operations, the competition 
of other producing areas, the bad reputa- 
tion of local labor organizations (in turn 
the result of prejudiced newspaper propa- 
ganda), and strip mine operations are 
among many factors contributing to the 
local industrial depression. Scattered 
throughout the area are the skeletons of 
mining enterprises: giant smokestacks 
rising solemnly from the rubble of 
crumbled surface buildings, or merely 
the insidious march of weeds up the 
flanks of an old rockpile. 

The mines that are operating are either 
very large, or very small, and few of the 
larger mines are still in operation. It 
is a significant fact that each evening, 
local radio broadcasting stations in a 
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half minute or so between commercial 
programs announce the 10 or 12 Franklin 
County mines that will be operating the 
following day. The small ‘scavenger” 
mines are newcomers to this area, as in 
other large coal mining regions. They 
eater mostly to local consumption, and 
represent the pitifully futile attempts 
of the region to pull itself out of a hole 
by its own bootstraps. 


This is only a brief summary of the 
needs of the area for a new regional in- 
come; the evidence is conclusive. Now 
let us examine the possibilities for such 
new income. While agricultural prac- 
tices and marketing in the area can be 
greatly improved, the region will never 
become another Corn Belt, and the urban 
clusters will still remain. Manufactur- 
ing seems to be the principal hope. What 
then can the area offer in the way of 
manufacturing advantages? Most assured- 
ly, they are many and varied, and most 
of them can be sumarized as follows: 

(1) A large supply of semi-skilled 
labor. 

(2) Cheap power—cheap enough to 
compete with any industrial area in the 
Middle West. 

(3) A central location with respect to 
Mid-West markets. 

(4) A wholly adequate network of 
transportation lines. 

(5) An adequate water supply, now 
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that the Federal Government Crab Or- 
chard project is nearing completion. 

The industries best suited for the area 
probably belong to the chemical group, 
such as coal distillates, and cellulose de- 
rivatives. Powder plants for the national 
defense program fall under this category, 
and in recognition of this fact, the U. S. 
Army has placed the area in a first 
priority grouping in the program for 
future plant establishment. In peacetime 
these munitions plants could be fairly 
easily altered to produce such products 
as plastics or synthetic fibers. 

The reputation received as the result 


of the Herrin strikes has been one of the 
most insidious factors preventing the in- 
flux of industry. The labor groups in 
Southern Illinois only want the chance 
to correct that reputation, and since that 
opportunity has not been offered by pri- 
vate industry, they are clamouring for 
Federal intervention. 

Geographic factors of site and situation 
indicate that the abject poverty of the 
region is entirely unwarranted. The 
people of the area are praying that per- 
haps in a new type of service for their 
country, they may find a better and a 
happier future. 

















PAPERS IN GEOLOGY 


ExtTRACT FroM THE REPORT OF THE SECTION CHAIRMAN 


The Evanston program in Geology carried 25 papers, 13 of which are 
herewith published. The others were: 


Beurg, C. H., Jr., Northwestern University, Evanston.—Analagous strue- 
ture in lead-zine deposits of the Upper Mississippi Valley type. 

CouEE, G. V., State Geological Survey, Urbana.—Trenton production in 
Illinois. (Being published by the Survey as Illinois Petroleum No. 39.) 

ExBLAw, GeorGE E., State Geological Survey, Urbana.—Stages of Lake 
Chicago and development of the Great Lakes region. 

FisHer, D. J., University of Chicago, Chicago.—Stereoscopie pairs pro- 
jected in polarized light. 

FisHer, R. F., State Geological Survey, Urbana.—Preglacial drainage of 
the Great Lakes region. 

BusHuMan, E. F., University of Illinois, Urbana.—Insoluble residue 
studies of Middle and Upper Devonian limestone of southwestern 
Illinois. 

Kesuinea, R. V., University of Illinois, Urbana.—Foraminiferal zoning 
of the Upper Cretaceous in western Alabama. 

OsMENT, F. C., University of Illinois, Urbana.—Heavy mineral studies 
of the Selma, Ripley, and Prairie Bluff formations of western Alabama. 

Parks, C. B. and G. W. Lanp, State Geological Survey, Urbana.—F usain 
determination in coal by chemical analysis and microscopic count. 
(Being published in Ind. Eng. Chem., Anal. Ed.) 

Scuorr, State Geological Survey, Urbana.—Constituent plant particles 
in coal and their significance in the study of coal type variation. 

Sporti, A. E. and J. N. Payne, State Geological Survey, Urbana.—Roof 
irregularities of Coal No. 6 in the Staunton-Gillespie region. 

Sutton, A. H., University of Illinois, Urbana.—Age of the dolomite ex- 
posed at Momence, Illinois. 


Maximum attendance was about 80. A. H. Sutton, University of Illinois, 
Urbana, was elected chairman of the Urbana meeting in 1942. 
(Signed) Marvin WELLER, Chairman 
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STRUCTURE CONTOUR MAP OF THE PRE-PENNSYL- 
VANIAN SURFACE IN ILLINOIS* 


Mavrice H. SMITH 
State Geological Survey, Urbana, Illinois 


Uplift, warping, and peneplanation of 
the surface previous to the deposition of 
Pennsylvanian sediments in Illinois 
caused truncation of the Mississippian, 
Devonian, Silurian, and upper and middle 
Ordovician systems on the margins of 
the basin and truncation of local struc- 
tures. The pre-Penmsylvanian surface 
was not reduced to a flat peneplain. In 
places features of local erosional relief 
are evident. In the Beardstown area, 
western Illinois, a pre-Pennsylvanian hill 
stands about 50 feet high with four 
Pennsylvanian cyclothems wedging out 
on its flanks on or against the Salem 
and St. Louis formations of the Mississip- 
pian system. It is difficult to locate these 
erosional features merely from subsur- 
face information, but geologic conditions 
in the outcrop areas indicate that isolated 
shallow basins were first filled with Penn- 
sylvanian sediments which later accumu- 
lated to such a depth that they covered 
the hills leaving a flattish surface. 

The LaSalle anticline (Fig. 1) extends 
in a northwest-southeast direction for 
more than 250 miles, from northern IIli- 
nois north of the Pennsylvanian bound- 
ary to the Indiana border of northern 
Wabash County in southeastern Illinois. 
This structure in northern Illinois is a 
very asymmetrical anticline with a west 
flank dipping more than 25° in pre- 
Pennsylvanian rocks and an east flank 
dipping less than 1°. South of LaSalle 
County, the structure is imperfectly out- 
lined in Livingston and McLean counties 
due to lack of drill data. It is better 
known in Champaign, Douglas, Coles, 
Clark, Crawford, Lawrence, and Wabash 
counties where it has been extensively 
tested by drilling for oil and gas. In 
this southern portion it is asymmetrical, 
as in northern Illinois, but generally has 
a somewhat less steep western flank. 

Along the Illinois River near LaSalle, 
the minimum differential uplift along 
the anticline was 900 feet, near Tuscola 

1 Mylius, 
of Well Data: 


in Douglas County it is about 1400 feet, 
in Lawrence County about 400 feet and 
in Wabash County only 250 feet. This 
suggests a maximum movement near 
Tuscola with a gradual dying out of the 
structure in each direction. The area 
of maximum deformation moved pro- 
gressively southward ¢rom the LaSalle 
area, with the maximum differential eleva- 
tion in pre-Pennsylvanian times occur- 
ring in Douglas County, and, after Penn- 
sylvanian deposition had begun, in Law- 
rence and Wabash counties. 

The most notable structure in the area 
east of the LaSalle anticline is the Oak- 
land anticline’ which trends nearly north 
and south through Champaign, Vermil- 
ion, Douglas, Coles and Clark counties 
and a synclinal basin between this anti- 
cline and the Indiana line, also with a 
north-south trend. The east flank of the 
Oakland anticline appears to be some- 
what steeper than the west. The struc- 
tural relief is between 600 and 700 feet 
in southwestern Edgar County. Two 
eastward-pitching noses extend from the 
Oakland anticline toward the syncline in 
Edgar County. A narrow anticlinal fold 
trending northeast-southwest is shown in 
northeastern Clark County terminating 
the syncline at its southern end. The 
Oakland anticline intersects the trend of 
the LaSalle anticline near Casey, Clark 
County. 

The western portion of the Illinois 
basin is characterized by a gentle east- 
ward dip toward the basin amounting to 
5 to 20 feet per mile. Just west of the 
Pennsylvanian margin are situated the 
Media, Warsaw, Colmar-Plymouth, Pitts- 
field-Hadley, Cap Au Gres, Valmeyer, and 
Dupo-Waterloo structures which influence 
the trend of the Pennsylvanian boundary 
but are not well shown by the structure 
contour map. A weak anticlinal zone 
extends from central Henry County 
southeast across northeast Knox, Stark 
and Peoria counties, dying out in central 


* Published with permission of the Chief, State Geological Survey. 
L. A., Oil and Gas Development and Possibilities in East-Central Illinois, Maps and Tables 
Ill. State Geol. Survey, Bull. 54, plate 21, 1927. 
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Tazewell County. An eastward-pitching 
anticlinal zone extends from Mason 
County eastward across Cass, Menard, 
Logan and northern Sangamon counties 
dying out in DeWitt and Macon counties. 
A shorter southeast-pitching anticline 
extends from northern Macoupin County 
across southeast Montgomery, and north- 
ern Bond County, dying out in south- 
western Fayette County corresponding 
with the Sorento structure.? A little far- 
ther south another parallel structure ex- 
tends from western Bond County south- 
east to Centralia. An eastward pitching 
anticline extends across southern Clinton 
County including the Bartelso and Hoff- 
man oil structures. An anticline pitch- 
ing slightly north of east extends from 
northern Randolph County across south- 
ern Washington County including the 
Nashville oil pool. The Ava-Campbell 
Hill anticline* pitches a little north of 
east across northern Jackson and south- 
ern Perry counties. 

The deeper part of the basin is sepa- 
rated from the structurally flatter area 
of western Illinois just described, by a 
markedly asymmetrical anticline with a 
nearly north-south trend extending from 
southern Fayette or northern Marion 
County southward across Marion County 
through the Patoka, Sandoval, and Cen- 
tralia oil fields and western Jefferson 
and eastern Perry counties. It has been 
named the DuQuoin anticline from a 
town of that name in southeastern Perry 
County. It has been considered a mono- 
clinal flexure by some geologists because 
of the very slight westward dip from its 
crest. Although somewhat interrupted 
by eastward pitching anticlines and syn- 
clines, the east flank of the fold has 
structural relief of 500 or 600 feet with 
a general eastward dip amounting to as 
much as 100 feet per mile. 

The DuQuoin anticline also has a 
marked effect on the westward thinning 
of the Pennsylvania system,‘ especially in 
Perry and Washington counties. This 
indicates that movement along the fold 
occurred during Pennsylvanian sedimen- 
tation. The Illinois basin extends east- 
ward from the edge of the DuQuoin anti- 
cline with the lower portion filled with 
Caseyville and Tradewater sediments. 


The pre-Pennsylvanian surface originally 
consisted of an upland area in the west 
half and a basin in the east half of the 
region and the DuQuoin anticline repre- 
sents the western margin of the basin. 
After the filling of this basin by Casey- 
ville and lower Tradewater sediments, 
the strand line moved westward with 
general extension of the basin, the upper 
Tradewater and Carbondale formations 
were deposited in the broader basin to 
the west. 

The most complicated structures in the 
Eastern Interior basin occur along its 
southern border. These include the Alto 
Pass fault zone trending northwest-south- 
east in Jackson and Union counties, 
which determines the southwest boundary 
of the Pennsylvanian area, and the Rough 
Creek-Shawneetown zone which enters 
Illinois at Shawneetown, Gallatin County, 
and extends directly west about 15 miles 
in Gold, Wildcat, and Cave hills, then 
turns sharply southwestward through 
Saline and Pope counties extending be- 
yond the border of the Pennsylvania 
about 20 miles before disappearing be- 
neath the Cretaceous sediments of the 
embayment area. South of the east-west 
segment of this fault is the deep east- 
ward pitching Eagle Valley syncline in 
southern Gallatin County which extends 
eastward into Kentucky to form a basin 
nearly as deep as that in Edward and 
adjacent counties, Illinois. South of this 
basin is the Hicks Dome uplift with 
nearly 4000 feet of structural relief. 

The map accompanying this paper 
shows only the broader general features 
of this complex area. There are no im- 
portant differences in thickness or com- 
position of the Pennsylvanian section in 
several fault blocks of this region, indi- 
cating that the structures are largely 
post-Pennsylvanian in age. 

The deeper part of the basin in Shelby, 
Effingham, Cumberland, Jasper, Craw- 
ford, Lawrence, Wabash, Richland, Clay, 
Marion, Jefferson, Wayne, Edwards, 
White, Hamilton, and Franklin counties 
is bounded on the south by a monoclinal 
slope with dip of as much as 200 feet per 
mile associated with the Rough Creek- 
Shawneetown fault zone and other struc- 
tures. On the west it is bounded by the 


? Bell, Alfred H., The Sorento Dome: Ill. State Geol. Survey, Ill. Pet. No. 6, Fig. 2, sec. 4, 1926. 

® Root, T. V., The Oil and Gas Resources of the Ava-Campbell Hill Area, Ill. State Geol. Survey: Rept. 
Inv. No. 16, Fig. 2, 1928. 

* Henbest, L. G., Pre-Pennsylvanian Surface West of the DuQuoin Anticline. 
20, pp. 265-68, 1927. 


Trans. Ill. Acad. of Sci., 
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steep east flank of the DuQuoin anticline, 
and on the north, from Cumberland Coun- 
ty to Wabash County, by the steep west 
flank of the LaSalle anticline. Between 
Wabash and Gallatin counties, the deeper 
part of the basin extends beyond Illinois 
into southwest Indiana and western Ken- 
tucky. The structural relief of the basin 
from the base of the various surrounding 
slopes to its deepest part is 1000 feet to 
1100 feet. The average dip is 10 to 50 
feet per mile toward the deepest part of 
the basin, which consists of a narrow 
trough trending south across central 
Richland and western Edwards counties 
curving southwest across eastern Wayne 
County to northern Hamilton and White 
counties. Recent intensive drilling in 
this region has disclosed several anti- 
clinal or domal structures within the 
deeper part of the basin or as pitching 
anticlines extending out into the basin 
from its flanks. Among these are the 
Loudon structure in Fayette County near 
the northwest margin of the basin;® the 
Salem structure, in Marion County’; a 
southeast-dipping monocline extending 
northeast in Jefferson County to south- 
western Wayne County; an anticline 
trending northeast across southern Ham- 
meen County and including the Hoodville 


s Randall, D. C., Geology and Development of the Loudon Pool, Fayette County, Illinois: 


Meeting of the A.A-P.G., p. 16, 1940. 


* Arnold, H. H., ares Salem Oil Field Marion County, Illinois: Bull., 


Figs. 4. 5, and 6, 1939 


oil field; an anticline extending north- 
east from northwest Gallatin County 
across central White County, including 
the Omaha oil structure; an anticline 
trending north in eastern White County, 
including the New Haven, Stroms, and 
Calvin oil structures; two westward 
pitching anticlines in Wabash County 
including the Keensburg and Mt. Carmel 
oil structures; an anticline pitching south 
in west-central Cumberland and north- 
west Jasper counties; and a southwest 
pitching anticline in southwest Coles and 
eastern Shelby counties. Within the 
deeper part of the basin a prominent 
domal structure in southeast Clay and 
northern Wayne counties includes the 
Clay City oil structure. The anticlines 
around the borders of the deeper part of 
the basin tend to pitch toward the basin 
from all margins. The total relief from 
the center of the basin in Richland, 
Wayne, and Edwards counties to the 
margin of the Pennsylvanian sediments 
in western Illinois is near 2000 feet. 

The writer is grateful to Dr. H. R. 
Wanless, of the University of Illinois, 
and Mr. L. E. Workman of the State 
Geological Survey for helpful suggestions 
and criticisms in the preparation of the 
manuscript. 


25th Annual 
A.A.P.G., Vol. 23, p. 1352-73, 





DEVONIAN FORMATIONS IN NEW MEXICO 


FRANK V. STEVENSON* 
University of Chicago, Chicago, Illinois 


Until 1941 it has generally been con- 
sidered that only one Devonian formation 
Was present in the state of New Mexico. 
The writer during the past five years 
has definitely established the occurrence 
of three Devonian formations, one of 
middle and two of upper Devonian age. 
There is a possibility of an existing 
fourth Devonian formation, but sufficient 
evidence for establishing this conclusion 
has not yet been obtained. The Canutillo 
formation, limited to the Franklin Moun- 
tains, Texas, does not extend into New 
Mexico. This formation has been desig- 
nated by other workers as being middle 
Devonian in age and shows no relation- 
ship to middle Devonian sediments in 
New Mexico. The Sly Gap formation 
crops out in the Sierra Caballo, San 


* Now with the Ark. Geol. Survey, Little Rock, Ark. 


Andres, and Sacramento mountains. The 
Sly Gap is tentatively correlated with the 
Hackberry of Iowa, with some affinities 
with the Snyder Creek formation of Mis- 
souri, and bears definite relationship to 
the Martin limestone of Arizona, and the 
Devils Gate formation of Nevada. Over- 
lying the Sly Gap formation is the Percha 
shale, which has long been established as 
being correlative with the Ouray lime- 
stone in Colorado and in Arizona. This 
formation crops out only in the south- 
western portion of New Mexico, west of 
the Rio Grande, whereas the Canutillo 
formation and the Sly Gap are found only 
east of the Rio Grande. There is no 
known section in which the actual strati- 
graphic relationship of the Sly Gap and 
the Percha shale is shown. 
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NIAGARAN OSTRACODS FROM BURLINGTON, WISCONSIN 


R. C. GuTscHICK 
University of Illinois, Urbana, Illinois 


Introduction—The Niagaran ostracods 
reported were discovered in the insoluble 
residues in connection with a sedimentary 
study of the rock succession exposed in 
the quarry at Burlington, Wisconsin. At 
the Illinois State Academy of Science 
Annual Meeting held at Galesburg, May, 
1940, Dr. J. R. Ball presented a paper 
on the Burlington quarry.’ In his article 
he describes the location of the quarry, 
lithology, fauna, and other characteristics 
of the strata. In brief, the quarry is 
located one mile west of Burlington 
along state highway 11; the rocks are 
extremely well-bedded, argillaceous dolo- 
mites which are mottled greenish gray 
and deep red. Mr. L. E. Workman refers 
this section to the lower part of the Joliet 
formation which he considers to be equiv- 
alent to the Osgood. Several years ago 
when the quarry workings were at a 
level now covered by water, the rocks of 
this lower part consisted of fairly thick- 
bedded dolomite of solid deep maroon 
color containing concretion-like masses 
of spongy, maroon rock. 

Method of Obtaining Residue.—A solu- 
tion of hydrochloric acid diluted 9 parts 
of water to 1 part of concentrated acid 
was used to obtain the residues. It was 
found that this strong concentration gave 
more satisfactory results with regard to 
the extraction of the ostracods than the 
use of a very dilute acid solution applied 
over a relatively long period of time. 
With the latter method@ the specimens 
came out with frayed margins despite the 
precautions taken in handling. Further- 
more, the formation of fine particles 
which coated the other grains caused a 
retardation in the activity of the process 
due to the lack of penetration of the 
weak acid. 

Character of Residue.—The percentage 
of residue ranges from about 10% to 45% 
of which only a fraction of one per cent 
is greater than 200 mesh. The very 
high amount of material less than 200 
mesh consisting chiefly of clay and silt 


1 Ball, R., 


of the Til. PA Sci., Vol. 33, No. 


suggests the argillaceous character of the 
rock. The staining technique of adding 
potassium ferrocyanide [K,FE(CN),] to 
an acid solution (HCl) in which the 
rock sample is immersed, yields a solid, 
deep, blue stain except for the calcitic 
vugs. This indicates the dolomitic char- 
acter of the rock. The material greater 
than 200 mesh is mainly secondary silica, 
A graphical analysis of the quantity of 
insoluble material indicates a very irreg- 
ular vertical distribution. This is typical 
of the lower part of the Joliet formation 
thus confirming Mr. Workman’s correla- 
tion.” 

The fauna of the residues includes the 
following: arenaceous foraminifera which 
seem to be abundant throughout most of 
the section, internal molds of small 
brachiopods, fragments of small gastro- 
pods, abundant bryozoa remains, a few 
hexaxial sponge spicules, and an abund- 
ant ostracod fauna. The ostracod fauna 
is an interesting one. The specimens ob- 
tained are preserved as internal molds 
of siliceous filling, hence their presence 
in the residues. Of course, these speci- 
mens exhibit the internal characters of 
the animal’s shell. An attempt was made 
to determine whether the external char- 
acters are preserved anywhere in the 
rock. Samples of rock were crushed and 
sieved. Each grade size was separated, 
washed, and examined. Surprisingly 
enough there was very little or prac- 
tically no suggestion of a microfauna. 
It seems very doubtful whether the ex- 
ternal characters exist in the present 
rocks. Along certain zones of fine mot- 
tling, there is an abundance of ostracod 
material. 

Ostracod Fauna.—There is quite a di- 
versity of forms represented by approx- 
imately 15 species which includes 9 or 
10 genera. Most of the internal charac- 
teristics are clear except in a few cases 
where overlap is difficult to determine. 
Although the complete identification of 
the fauna has not yet been made due to 


Typical Lower a Valley — ew in Southeastern Wisconsin, Trans. 
2, Dec., 1940, pp. 152 


2 Workman, L. E., Contributions to Correlations of Silurian _ in Northeastern Illinois through Study 
ct.) 


of Insoluble Residues: 


Bull. G. 8. A., Vol. 50, No. 12, Part 2, p. 2015, 1939. 
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the fact that many of these are new 
forms, a few of the genera represented 
are: Kloedenella, Tubulibairdia, Leper- 
ditia, and Bairdia. 


Some of the forms are highly orna- 
mented. One of them is a clear example 
of dimorphism. The female has two 
large, bulbous, brood pouches postero- 
ventral. There are perforations along 
the line of juncture between the brood 
pouch and the main part of the shell. 
These brood pouches become detached 
from the animal and are found separate. 
It is common to find that the brood 
pouches are much more abundant in the 
residues than entire individual speci- 
mens. Where perhaps 5 or 6 entire speci- 
mens could be found, it is possible to 
find 50 to 100 brood pouches. The male 
has the general shape and characters sim- 
ilar to the female without the swellings. 


Among the other types are those that 
contain smooth surface shells. 


Conclusions.—Many of the workers on 
the Silurian rocks of the Middle West 
such as Workman, Ball, Dunn, Edwards, 
Priddy, and others have pursued different 
lines of — in order to get a better 


understanding of the correlation of the 
rocks of this system. Lithological stud- 
ies, insoluble residues, mineralogical 
studies, foraminifera’ and other fossil 
forms have been used in the attempt. 
Dr. P. H. Dunn has completed a study 
of the arenaceous foraminifera of the 
Silurian rocks of several of the mid- 
western states. This is in the process of 
publication.* He has indicated that os- 
tracods are abundant in many of the 
samples he has used for the extraction 
of foraminifera. The study of the ostra- 
cods, their diversity and distribution 
might supplement other methods. Ulrich 
and Bassler have done a classical piece 
of work in using ostracods to correlate 
the Silurian rocks of Maryland® and ad- 
jacent states. Perhaps that same ap- 
proach can be used in the Middle West. 
The foraminiferal zones will be estab- 
lished by Dunn; the ostracods might 
lend themselves to the same analysis. 

Finally the fossil forms and the high 
content of argillaceous material suggest 
proximity to shore line conditions of 
sedimentation. Cumings and Shrock have 
indicated this in their paleogeographic 
map.° 


P. H., Microfaunal Technique in the Study of Older Paleozoic, Trans. of the Ill. Acad. Sci., 


3 Dunn, 
Vol. 25. No. 4, June, 1933, pp. 140-141. 
¢ Dunn communication. 
5 Ulrich, 


Maryland Grok ” Survey, Silurian, 1923. 
* Cumings 


. 0. and Bassler, R., Paleozoic Ostracoda: 


Their Morphology, Classification, and Occurrence, 


. R. and Shrock, R. R., The Geology of the Silurian Rocks of Northern Indiana, The 
Dept. of Geaaevaiiien State of Indiana, Publication No. 75, 1928, p. 165. 





THE CHEMISTRY OF LEAD-ZINC DEPOSITION AND THE 
PROBLEM OF ZONING 


s Rosert GARRELS 
Northwestern University, Evanston, Illinois 


ABSTRACT 


The problem of the relative positions 
of galena and sphalerite (Pbs and ZnS) 
in the “Mississippi Valley” and other 
types of lead-zinc deposits is attacked 
from the point of view of a magmatic 
origin. Evidence has been generally cited 
to show that, on the basis of solubility 
determinations, sphalerite should occur 
nearer the surface and later parageneti- 
cally than galena. The reverse order 
holds in nature. 

Arguments based upon available data 
show that this unexplained order of de- 
Position is probably due to (1) super- 
saturation phenomena, or (2) the forma- 


tion of complexes. 

Detailed experimental work, subjected 
to careful chemical control, shows that 
neutral chlorides are effective in forming 
complexes with lead; thus increasing its 
solubility. At the conditions of deposi- 
tion of the Mississippi Valley deposits 
(ca. 100° C. and 60 at.) 2.0 normal 
CaCl, would be effective in producing 
the observed mineral relations. This con- 
centration is in accord with that found 
by Newhouse in fluid inclusions in the 
galena. It appears probable that the so- 
lutions were relatively concentrated yet 
generally neutral in composition. 
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A NEW EDRIOASTER FROM THE UPPER ORDOVICIAN OF 
NORTHERN ILLINOIS 


C. C. BRANSON 
Northwestern University, Evanston, Illinois 


An excellently preserved specimen of 
an edrioaster was collected by the writer 
from a shale seam in a small limestone 
quarry one and one-half miles east of 
Garden Prairie, McHenry County, IIli- 
nois. A considerable brachiopod and 
bryozoan faunule is associated with the 
specimen, but the bryozoan specimens 
lack internal structure. M. E. Chappars 
of Walker Museum, University of Chi- 
cago, has been kind enough to examine 
the associated fauna and he has estab- 
lished the age as Middle Richmond 
(Liberty-Whitewater). 

The edrioaster belongs to that rare 
group of Edrioasteroidea in which all the 
ambulacra curve in the same direction. 
In the genera Lebetodiscus and Ulrichi- 
discus all ambulacra curve to the left, in 
Cooperidiscus and Foerstediscus all curve 
to the right. The ambulacra of the pres- 
ent specimen curve to the right and the 
interambulacral plates are arranged in 
mosaic as in Foerstediscus, rather than 
in imbricate pattern as in Cooperidiscus. 

The genus Foerstediscus was _ estab- 
lished by Bassler in 1935 upon the species 
F. grandis Bassler from the Trenton of 
Woodford County, Kentucky. Two addi- 
tional species were described by Bassler 


in 1936, F. splendens from the Decorah 
at St. Paul, Minnesota, and F. parvus 
from the Hull formation (Trenton) of 
Kirkfield, Ontario. The present specimen 
is distinguished from these species by 
its wider and less prominent ambulacra 
and by its narrower disc of attachment. 

The particular value of the McHenry 
County specimen lies in the fact that the 
aboral surface and part of the interior 
of the theca are preserved. The aboral 
side of Foerstediscus has not been de- 
scribed. The frame consists of an outer 
row of small plates and an inner row of 
much larger plates which form an even 
border to the large tegmental area. The 
mouth is surrounded on the interior of 
the theca by five prominent plates, simi- 
lar in appearance to the perignathic 
girdle of some echinoids. This circumoral 
ring is here recognized for the first time. 
Bather figured edrioaster specimens 
which exhibit five lobes on the inner part 
of the tegmen, but this is an entirely 
different structure. 

R. E. Bassler has seen the specimen 
and has advised the writer concerning 
its structure and affinities. The specimen 
will be deposited in the United States 
National Museum. 
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THE SEDIMENTOLOGY AND PHYSIOGRAPHY OF 
WISCONSIN GLACIAL OUTWASH ALONG 
THE CHIPPEWA RIVER 


LyMAN HouFF 
University of Chicago, Chicago, Illinois* 


The Chippewa River flows across Wis- 
consin in a southwesterly direction to 
empty into the Mississippi at Lake Pepin. 
During the Wisconsin glacial epoch the 
Chippewa ice lobe occupied the upper 
part of the Chippewa valley. Meltwater 
from the ice built a large outwash plain 
in front of the terminal moraine. Down- 
stream, this outwash grades into a valley 
train along the Chippewa River and ex- 
tends all the way to the Mississippi 


glacial till to the aqueous sediments of 
the outwash plain and the valley train, 
they were deemed worthy of a sedimen- 
tary study. Channel samples were taken 
at approximately five mile intervals for 
the sixty mile distance along the valley. 
Most of the samples were taken at road 
cuts because they offered the best ex- 
posures. 

The results of the size analysis of these 
samples are given in the table below. 














River. The melt water carried so much The average size shows a marked in- 
Outwash 
Sample 
ter LreSeESEetE SEO TT St See 
Geometric mean size in mm......... .21|3.11]}1.54)1.05]1.04) .44) .95) .65) .37| .44) .43 
Standard deviation in Wentworth 
EE ERS eee 4.18)2.66)2.57/2.42/2.24/1.09}1.81|1.67| .71) .74| .67 






































sediment that a deltaic fan was built in 
the Mississippi Valley, damming the river 
to form the predecessor of Lake Pepin. 

The Chippewa River at that time was 
overloaded, depositing sediments instead 
of eroding them as it is doing today. 
Like present day aggrading streams, it 
occupied a number of small, anastomos- 
ing channels, traces of which still per- 
sist. Aerial photographs of a large rem- 
nant of the glacial flood plain southwest 
of Durand show a network of dark bands 
that mark the position of the former 
stream channels. They are not shown 
by the topographic map and even field 
examination failed to disclose them. 

After the recession of the glacial mar- 
gin the overloading of the Chippewa 
River ceased. Deposition gave way to 
erosion. The river became one single 
meandering stream which cut its modern 
valley to a depth of from eighty to one 
hundred feet below the level of the gla- 
cial flood plain, and formed a complicated 
series of lower terraces. 

Since the glacial ‘deposits along this 
valley offer a complete gradation from 


crease with the change from till to out- 
wash and from there on it decreases with 
fluctuations. The initial increase is best 
explained by the selective action of run- 
ning water; the tendency to deposit the 
coarser portions of the load and carry 
the finer ones on. The successive de- 
crease in size of the particles may be 
explained by continued selective trans- 
portation. The lack of marked rounding 
of the fragments indicates that abrasion 
was not important. The standard devia- 
tion, or “spread” of the size range, shows 
a continual decrease downstream. Evi- 
dently the longer the water worked on 
the sediments, the better sorted they be- 
came. 

Other properties of these sediments, 
such as shape, orientation, and composi- 
tion, will be studied quantitatively in the 
future. At present it is safe to say that 
the sediments and their environment of 
deposition have had a marked effect upon 
each other. The properties of the sedi- 
ments change progressively downstream; 
the physiography was altered wherever 
they were deposited. 


* At the time of presentation of this paper. Present address: Geological Survey, Portland, Oregon. 
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ADDITIONAL EVIDENCE ON THE ORIGIN OF CONODONTS 


ERNEST Paut Dv Bois 
University of Chicago, Chicago, Illinois 


Samples collected near LaSalle, Illinois, 
from black shales of Pennsylvanian Mc- 
Leansboro age have yielded, in addition 
to an associated fauna of Lingula, Or- 
biculoidea, and fragmentary vertebrate 
remains, a number of excellent conodont 
assemblages. 

Study shows that without doubt a typi- 
cal assemblage consists of an anterior 
pair of Polygnathids, a pair of Bryan- 
todids, and a posterior group of several 
pairs of Hindeodellids, arranged in a 
linear series. In addition to this rela- 
tively common type, one specimen shows 
the presence of three Polygnathids, and 
two others, the presence of individuals 
belonging to the “genera” Distacodus, 
Lonchodina, and Hibbardella or Euprion- 
iodina. 

The evidence afforded by the assem- 
blages regarding the zoological affinities 
of the conodonts is not wholly positive. 
From their general aspect it seems un- 
likely that they are representatives of 
any known group of vertebrates, and 
equally improbable that they represent 
the radular teeth of gastropods or cephal- 
opods. Rather they seem to be a part of 
the pharyngeal aparatus of some Paleo- 
zoic annelid. 

The group is apparently not homogen- 
eous. This is attested to by the fact 


that one of the many assemblages pos- 
sesses three Polygnathids, and two other 
assemblages posess teeth of a radically 
different nature. 


The taxonomic problem raised is one 
of no mean dimensions. Inasmuch as a 
system of taxonomy should be so con- 
structed as to represent the evolutionary 
relationships of the animals involved, and 
because the evidence presented in this 
material shows that structures which 
have been referred to different families 
may in reality belong to the same indi- 
vidual, considerable revision of the tax- 
onomic treatment of the group seems nec- 
essary. To correct the present termin- 
ology by orthodox means would be ex- 
tremely difficult and would require years 
to execute. 


The solution which seems most feasi- 
ble is the complete transfer of the present 
nomenclature to the “Ordo militaris” ad- 
vocated by Carey Croneis for use in just 
such cases. This scheme would remove 
the necessity of a complete revision of 
the present classification, would allow the 
further study of conodonts as tools for 
the stratigrapher, and, at the same time, 
would permit the separate development 
of another classification based upon bio- 
logical relationships. 





A SHAPE-ROUNDNESS STUDY OF BEACH SANDS FROM 
CEDAR POINT, OHIO 


A. C. LUNDAHL 
University of Chicago, Chicago, Illinois 


ABSTRACT 


Seven samples of beach sand, collected 
at one mile intervals from Cedar Point 
spit built across Sandusky Bay, Lake 
Erie, were treated with acid, sieved, and 
split into “lights” and “heavies” by 
means of acetylene tetrabromide. 

The “lights”, mainly quartz, from each 
sieve separate, were mounted and pro- 
jected, and shape (sphericity) and round- 
ness determinations were made. It was 
statistically observed that the roundness 


showed a definite decrease in the direc- 
tion of transport. Sphericity values of 
the grains decreased also, but much less 
markedly. 

The decreases in roundness and spher- 
icity do not appear to be due to abrasion 
but either to a selective sorting by the 
littoral currents or to some cracking or 
splitting of grains during transport. 
Many of the finer grade separates do 
show evidence of fracturing. 
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USE OF STEREOSCOPE WITH AERIAL PHOTOS 
IN ELEMENTARY GEOLOGY 


CHARLES G. JOHNSON 
University of Chicago, Chicago, Illinois 


Recently the Department of Geology 
at the University of Chicago has adopted 
the study of aerial photographs by means 
of the stereoscope as an aid to the study 
of topographic maps in beginning geol- 
ogy classes. Aerial photographs are being 
employed more and more by the govern- 
mental surveys and private companies, 
and it is well that future geologists be- 
come familiar with them early in their 
careers. 

The photos are taken looking vertically 
downward, with a single lens camera. 
Contact prints made from the negatives 
are 7x9 inches or 9x9 inches, and have a 
scale of approximately 1:20,000 or about 
three inches to the mile. Consecutive 
photos overlap about sixty percent, mak- 
ing them well adapted for use under the 
stereoscope. 

The great advantage of viewing the 
photographs through a stereoscope lies 
in the fact that the features on the photo 
are made to appear as a three-dimen- 
sional or spacial model. This is helpful 
to students who are using topographic 
maps for the first time. By using topo- 
graphic maps and aerial photos together, 
he can soon learn the meaning of con- 
tours and be able to read them .critically. 

A method of teaching the significance 
of contour lines is to introduce an exer- 
cise whereby the student makes a contour 
map from a stereoscopic pair of aerial 
photographs. Select a pair of photos that 
show well developed valleys and rounded 
hillsides with relief not over two hundred 
feet. Using drafting tape, fasten a clear 
piece of celluloid on one of the photos 
over the area that is to be mapped. Mark 
elevations of various points in ink on 
the celluloid, not over a half mile apart. 
Place the two photographs under the 
stereoscope and adjust them in fusion to 
suit the eyes. While viewing the photos 
through the stereoscope, draw in the con- 
tours with a wax pencil on the celluloid 


at their adjudged elevations along the 
hillsides. 


Physiographic forms are well shown 
on aerial photos, but are much more im- 
pressive when viewed through a stereo- 
scope. Such forms as dunes, drumlins, 
moraines, sinkholes, etc. are illustrated 
on topographic maps, but the beginning 
student can gain little or no idea as to 
how they actually appear in the field 
from the map alone. This difficulty is 
easily solved by stereoscopic observation 
of aerial photographs. Relative sizes of 
the different features are conveyed to the 
student through comparison to houses, 
trees, or other familiar objects present 
in nearly every photograph. 

By the use of topographic maps and 
aerial photos together many problems in 
structural geology can be worked out in 
the laboratory. Where conditions are 
favorable, outcrops can be seen on the 
photos and the direction of dip of the 
beds detected. However, it must be re- 
membered that slopes of hills and beds 
are in general, greatly exaggerated. 
Faults are often visible where none 
would be suspected from a study of the 
topographic sheet. Through the use of 
both topographic maps and aerial photos 
the student becomes aware of the under- 
lying structural control which is respon- 
sible for many physiographic features. 

No list of selected aerial photographs 
suitable for stereoscopic study of geologic 
features has been compiled. An attempt 
is now being made at the University of 
Chicago to make such a list, and it is 
hoped that a preliminary report may be 
ready soon. 

The cost of supplying a laboratory with 
an adequate number of stereoscopes and 
aerial photographs need not be great. 
Photographs can be purchased from the 
Department of Agriculture for twenty 
cents per print when ordered in lots of 
one hundred or more, or twenty-five cents 
per print when ordered in smaller quan- 
tities. The Department of Agriculture 
is the only national governmental agency 
authorized to sell aerial photographs. It 
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publishes and distributes, free of charge, 
a monthly index map of the United States 
which shows the extent of aerial photog- 
raphy completed or in the process of 
completion. This map does not include 
areas photographed by agencies other 
than the Department of Agriculture. 


Commercia) stereoscopes suitable for 
study of aerial photographs sell for 
thirty-three dollars and more. However, 
a simple stereoscope constructed from 
four small mirrors and other readily 
available material, costing about a dollar, 
can be made as follows: 


The frame is made of % inch lumber 
screwed together, and mounted on legs of 
%x%x% inch channel iron. Each leg is 
held by two studs screwed into a 4%x% 
inch strap-iron strip fastened to the end 
surfaces of the frame. (See fig. A) 


Extra holes may be drilled in the legs 
to make the height adjustable. The top 
of the frame is covered with sheet tin 
in which are cut eye holes 1% inches in 
diameter on 2% inch centers, and a tri- 
angular hole for the nose. 


(See fig. A.) 
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FIGURE C. SIDE 
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All of the mirrors are inclined 45 de- 
grees as shown in fig. C. The two inner 
mirrors measure 2x2 inches and are plac- 
ed with the centers of their reflecting sur- 
faces 214 inches apart (E-E’, fig. C). To 
allow room for the nose, a corner is cut 
from each of the inner mirrors as in 
fig. D, and from the inside edges of the 
wooden frame holding them. The two 
outer mirrors are 4x5 inches and placed 
with the long dimension horizontal. 
Their reflecting surfaces are 3% inches, 
measured horizontally, from the reflect- 
ing surfaces of the inner pair. The tops 
of the outer mirrors are % of an inch 
vertically above the tops of the inner 
mirrors. Each mirror is held in place 
by small copper cleats. Light is provided 
by two 110 volt bulbs with C-7 candelabra 
bases. Each is in a bakelite combination 
plug having a switch and a shade. The 
plugs are held in a double wall socket 
mounted under the two inner mirrors. To 
shut out extraneous light, tin flaps 7x2% 
inches are hung by small hinges at each 
end of the stereoscope (fig. C). Dull 
black enamel is used for the finish. 


FIGURE B PERSPECTIVE 
































FIGURE D END 


STEREOSCOPE FOR VIEWING 
AERIAL PHOTOGRAPHS 
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THE APPLICATION OF PROBABILITY THEORY TO 
SEDIMENT SAMPLING 


WruuMm J. PLUMLEY 
University of Chicago, Chicago, Illinois 


ABSTRACT 


The question of how large a sample 
should be collected to determine the aver- 
age sphericity or roundness of a sedi- 
mentary deposit has long been unan- 
swered. Tentative answers to this ques- 
tion have ranged from 50 pebbles or sand 
grains to 150. An attempt is made in 
this paper to develop a method of samp- 
ling which will answer this question 
from a rigorous mathematical standpoint. 

The theory of sampling which is ap- 
plied in this paper is based on the equa- 
tion of the standard error of the mean. 
This equation states that the standard 
error of the mean of a sample is directly 
proportional to the standard error of any 
one observation and inversely propor- 
tional to the square root of the number 
of observations in the sample. From this 
fundamental expression, it is shown that 
the number of sedimentary particles re- 
quired to obtain a tolerated per cent error 
of the mean of a sample is dependent on 
two quantities, (a) the true average or 
mean of the sampled population, and 
(b) the spread or standard deviation of 
the population’s frequency distribution. 
The foregoing relations are only true if 
the sphericity and roundness distribu- 
tions of the population follow the bell- 
shaped distribution of a normal curve. 

To test this prime requisite, 500 pebbles 
were collected at random from a glacial 
outwash deposit. The resulting frequency 
distributions of roundness and sphericity 
were found to be essentially normal. The 
































Fig. 1.—Graph illustrating the inverse re- 
lationship between sample size and per cent 
error of the mean. 
choice of glacial outwash assured a large 
spread of the frequency distributions. 
This is desirable because results obtained 
from this type of deposit may now be 
applied to most other types of sediments. 
Fig. 1 is based on the equation for the 
standard error of the mean. It illus- 
trates the irverse relationship between 
sample size and per cent error of the 
mean. A method of approximation, based 
on graphs similar to Fig. 1, has been de- 
vised by which the true mean of the 
sampled population is estimated. From 
this value the sample size is then deter- 
mined for any tolerated error of the 
mean. 

In general, a sample of 50 particles is 
more than adequate for roundness and 
sphericity determinations. 
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MISSISSIPPIAN STRATIGRAPHY OF OHIO 


Frep T. HoLpEN 
University of Chicago, Chicago, Illinois 


The Mississippian rocks of Ohio con- 
sist of six formations: Maxville lime- 
stone, Logan formation, Cuyahoga forma- 
tion, Sunbury shale, Berea sandstone, 
Bedford shale. 

The Bedford shale is a chocolate-brown, 
red and blue-black, argillaceous shale. 
It crops out along the western and north- 
ern margins of the Mississippian outcrop 
zone in Ohio. Its thickness varies from 
40 to 110 geet. Only in the basal few 
feet are there fossil remains. A slight 
disconformity exists at the base of the 
Bedford. Nearly everywhere there is a 
sharp contact between it and the under- 
lying Ohio shale, but rarely is there evi- 
dence of the existence of erosional con- 
ditions between the deposition of the 
Ohio shale and of the Bedford shale. 

The Berea sandstone consists essen- 
tially of a light tan or light gray, well 
sorted, fine-grained sandstone or silt- 
stone. In southern Ohio it is composed 
of several thin layers of siltstone, each 
layer from 8 to 15 inches thick. In cen- 
tral Ohio thin, argillaceous and arenace- 
ous shale layers to a total thickness of 
about 7 feet occur near the base of the 
Berea. Above are fine-grained, rather 
massive sandstone layers, each 2 to 8 feet 
thick. In northern Ohio the maximum 
thickness of the Berea exceeds 200 feet. 

The contact between the Berea and the 
underlying Bedford shale is marked by 
a well-defined erosional surface. 

Overlying the Berea along the western 
margin of the Mississippian outcrop in 
Ohio is the Sunbury shale. This is a 
black, fissile, carbonaceous shale litho- 
logically very similar to the Ohio shale. 
In northern Ohio the Sunbury shale is 
indistinguishable from the black shales 
of the Orangeville member of the Cuya- 
hoga formation. Hence the Sunbury is 
not recognized as a distinct formation in 
this area, all of the black shales immedi- 
ately overlying the Berea sandstone being 
included in the Orangeville member. 

Seven lithologic facies, each subdivided 
into a varying number of members and 
submembers are recognized in the Cuya- 
hoga formation: 


Tinkers Creek shale facies 
Meadville shale member 
Sharpsville sandstone member 
Orangeville shale member 

Aurora sandstone submember 


River Styx conglomerate facies 
Black Hand conglomerate member 
Armstrong sandstone member 
Rittman conglomerate submember 


Killbuck shale facies 
Black Hand shale member 
Armstrong sandstone member 
Burbank member 


Toboso conglomerate facies 
Black Hand conglomerate member 
Pleasant Valley member 


Granville shale facies 
Black Hand siltstone member 
Raccoon shale member 


Hocking Valley conglomerate facies 
Black Hand conglomerate member 
Fairfield sandstone member 
Lithopolis siltstone member 


Henley shale facies 
Henley shale member 


These facies have been named in pro- 
gressive order from northeastern Ohio 
to south-central Ohio. 

The axes of the conglomerate facies 
trend northwest-southeast. It is probable 
that the conglomerate facies represent 
deltas formed by deposition of coarse 
materials derived from lands to the 
southeast. Intervening shale facies are 
areas where fine sands, silts and clays 
accumulated. 

The Logan formation directly overlies 
the Cuyahoga formation. From south 
central Ohio the Logan outcrops extend 
northward with varying thickness to 
Holmes and Wayne counties, where it 
thins rapidly due to erosional beveling. 

Three lithologic. facies are _ distin- 
guished in the Logan formation: 


Pretty Run sandstone facies 
Rushville shale member 
Vinton sandstone member 
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Allensville conglomerate member 
Byer sandstone member 
Berne conglomerate member 


Scioto Valley shale facies 
Vinton sandstone member 
Portsmouth shale member 
Buena Vista sandstone member 


Vanceburg siltstone facies 
Vinton sandstone member 
Churn Creek member 


Vanceburg siltstone member 
Rarden shale member 
Buena Vista sandstone member 


The material composing these deposits 
was probably derived from the southeast. 


The Maxville limestone overlies the 
Logan formation in southeastern Ohio. 
It is rarely exposed, being nearly every- 
where covered by Pennsylvanian deposits 
which overlap on to the Logan formation. 





THE OCCURRENCE OF COMMERCIAL MUSCOVITE IN 
PEGMATITES 


F. W. Hryricus 
Northwestern University, Evanston, Illinois 


Descriptions of most mica-pegmatite 
districts are available, but due to a gen- 
eral lack of attention to precise descrip- 
tion of mineral relationships, much of 
the earlier literature is of little signifi- 
cance. The purpose of this paper is to 
emphasize certain general truths which 
appear to govern the formation of large 
muscovite crystals of commercial value. 
Discussion will be limited to occurrences 
of the greatest economic importance; ap- 
parently most of the world’s production 
of sheet mica has come from the Madras 
Presidency and the Province of Bihar 
and Orissa, India, and the states of North 
Carolina, New Hampshire, and South 
Dakota. 

The development of the concept of re- 
placement in metallic ore-bodies was fol- 
lowed by the concept of the replacement 
origin of many pegmatites. The prin- 
ciples of ore-body zoning around an in- 
trusion is likewise paralleled by the 
zonal distribution of pegmatites, best es- 
tablished by Maurice’ in the Spruce Pine 
district, North Carolina, on the basis of 
the composition of the plagioclase of the 
pegmatites. Close study of other pegma- 
tite areas should reveal more instances 
of such zoning. 

As a basis, the writer proposes to ac- 
cept a modified two-stage, aqueo-igneous 
theory for the formation of pegmatites 
containing commercial sheet mica. It 
appears reasonable, as Landes’ suggests, 


that the two stages, the first of primary 
introduction and the second of open sys- 
tem replacement by hydrothermal solu- 
tions, may be merely one long-continued 
stage, in which the components which 
modify the original mineralogy were de- 
rived directly from portions of the same 
pegmatite closer to the source. Replace- 
ment relations in pegmatites are often 
difficult to interpret, and without strict 
definition of terms the boundary between 
the minerals of the magmatic stage and 
those of the hydrothermal stage is in- 
distinct. 

Field relations and the literature show 
that commercial muscovite is apparently 
of late magmatic and early hydrothermal 
origin. Much of the evidence for late 
formation lies in the continuity of dis- 
tribution of the mica books along coun- 
try-rock contacts, along interior struc- 
tural features, along seams, and in shoots 
wandering irregularly about in the peg- 
matite. The definite continuity for sev- 
eral hundred feet of commercial musco- 
vite shoots in large pegmatites has been 
often observed. Two or more such mica 
shoots, of different colors and with dis- 
tinct differences in perfection of crystal- 
lization, are occasionally met in the same 
pegmatite, indicating different times of 
formation. 

Plagioclase feldspar and quartz are the 
two most persistent mineral associates 
of muscovite. From a compositional 


1 Maurice, C. S., The pegmatities of the Spruce Pine district, North Carolina: Econ. Geology, Vol. 35, 
pp. 49-78, 158- 185, 1940. 


es, 
95-108, 19338. 


K. K., The origin and classification of pegmatites: Am. Mineralogist, vol. 18, pp. 33-56, 
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viewpoint, the three largest mica districts 
of the world yield the best and most 
mica from pegmatites containing plagio- 
clase considerably more calcic than albite, 
with microcline absent or present only 
in small amount. Of the Kodarma dis- 
trict, the largest in India, Roy* writes, 
“Workable quantities of mica occur only 
in those pegmatites in which albite-oligo- 
clase is the dominant or the only feld- 
spar present.” Of the Spruce Pine mica 
pegmatites, Maurice‘ says, “The predom- 
inating mineral is plagioclase, generally 
ealcic-oligoclase.” In the Nellore district, 
the second largest in India, Biswas* em- 
phasizes the abundance of plagioclase 
ranging from albite to andesine. Oligo- 
clase is present in the mica pegmatites 
of New Hampshire and South Dakota, 
but no correlations similar to the above 
have been drawn. 

Perfection of crystallization in the 
muscovite crystals is of first importance 
commercially; much mica is inclined to 
crystallographic irregularities due either 
to post-pegmatite earth movement or to 
the influence of unfavorable conditions 
during formation. The principal crystal- 
lographic variety is the type known as 
“A” or “wedge” mica, in which the mica 
books are shaped much like an arrow- 
head, and commonly taper toward the 
point, sometimes as much as 30°. The 
literature contains references to this 
variety in every mica district in the 
country, and foreign references further 
show its frequent presence. 

Hess® attributed the formation of A 
mica to “cooling and stoppage of solu- 
tions,” and suggests that, with continued 
flow of solutions the A mica may re- 
crystallize into clear, smooth books. From 
the large size, over three feet, reached 
by some A mica crystals, and from defi- 
nite differences in occurrence between A 
and flat mica, the writer believes that 
continued flow of solutions merely makes 
the A books larger, and that, at lower 
temperature, coupled with other less defi- 
nite factors, A mica is formed rather 
than flat. 


* Roy, S. K. Sharma, N. 
Geol. Mag., vol. 76, pp. “145-164, 1939. 
* op. cit., Pp. 
5 Biswas, S 


vol, AP pp. ‘S547, 1935. 
© Hess ee ‘The pegmatites of the western states: 
volume), bp. 52 526-536, Am. Inst. Min. Met. Eng., 1933. 
Top. cit., p. 151. 
—s is H., “Mica deposits of India: Mem. India Geol. Survey, vol. 34, pp. 11-121, 1902. 
* Smith, Mica mining in Bengal, India: Mineral Industry, vol. 7, PP. 512-513, 1899. 
2 Mohr, i i nutzglimmer, pp. 151-153, Berlin, Gebruder Borntraeger, 1 0. 


Of the spatial relationships of musco- 
vite shoots and pockets to the country 
rock contacts and internal structures no 
strong generalizations can be made, ex- 
cept that in many pegmatites the mica- 
rich portions lie along the country rock 
contacts and along the margins of barren 
quartz masses, if present. It is not 
unusual for the mica shoot to occur 
along the hanging wall alone, or to leave 
the contact and wander through the main 
pegmatite mass. In some bodies the mica 
occurs in segregation pockets of almost 
solid mica, but this type is rare. Of the 
continuity of mica shoots, Roy’ describes 
an Indian mine which has been worked 
for 1000 feet along the strike and for 
400 feet down dip; 700 to 800 feet is 
probably about the length of the longest 
shoots worked in North Carolina. 

The source of the muscovite of pegma- 
tites has been held in question. The 
frequent occurrences of mica pegmatites 
in the muscovite schists and gneisses of 
the pre-Cambrian and Paleozoic, coupled 
with the rarity of commercial mica in 
pegmatites in the source batholiths and 
in mica-free rocks, led several observers, 
such as Holland* and Smith® in India, to 
attribute the muscovite to recrystalliza- 
tion of material assimilated from the 
country rock by pegmatitic action. Even 
when the pegmatites occur in mica-poor 
country rock, they may at reasonable 
depth traverse micaceous formations. If 
the concept of the pegmatite as an open 
system is accepted, it should be possible 
for the pegmatitic liquor to assimilate 
any constituents of mica which might 
be lacking, later to precipitate the mica 
where conditions were favorable, no mat- 
ter what the wall rock might be. 

To oppose this view, several estimates 
of muscovite content of pegmatites by 
Mohr” show that the average mica mine 
yields only from 2.5 to 4% of mica by 
weight; block mica contents of 4 to 7% 
are not uncommon, but they characterize 
shoots especially rich in mica. Bearing 
in mind the nature of the pegmatite dif- 
ferentiation process, there appears to be 


L., and Ohattapodhyah, G. ©., The mica-pegmatites of Kodarma, India: 


Origin of the mica pegmatites of Nellore: Quart. Jour. Geol. Min. Met. Soc. India, 
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little need to go beyond the original 
granitic source for most of the muscovite 
of pegmatites. Although pegmatites 
yielding commercial sheet mica are only 
rarely found in the original batholithic 
source, several of the New Hampshire 
mica mines are in members of the New 
Hampshire magma series, which is appar- 
ently their source, and scattered refer- 
ences to similar occurrences may be 
found. 

According to Bowen,” the pegmatitic 
liquor is by the very nature of its origin 
essentially saturated, and its reaction 
with the wall rock will be chiefly in the 


nature of the formation of what may be 
termed addition compounds. Of over two 
hundred mica pegmatites visited by the 
writer, there were many in which field 
evidence showed no such possible amount 
of assimilation as could possibly produce 
the tonnage of mica which had been ex- 
tracted, and the conclusion supporting 
that of previous investigators is that, 
while limited assimilation of muscovite 
or alumin2 necessary for its formation 
may take place, the source of the large 
muscovite books of commercial value is 
in the magmatic intrustion. 


‘1 Bowen, N. L., The broader story of magmatic differentiation, briefly told: Ore deposits of the western 
states, (Lindgren volume), pp. 106-128, Am. Inst. Min. Met. Eng., 1933. 





STATUS OF THE CARBON-RATIO THEORY IN ILLINOIS* 


By Atrrep H. BELL, State Geological Survey, Urbana, Illinois 


In a paper entitled “Some Relations in 
Origin between Coal and Petroleum” pub- 
lished in 1915, David White made some 
generalizations that have been called col- 
lectively the “carbon-ratio theory.” Dur- 
ing the ensuing 20 years many authors 
have discussed the carbon-ratio theory 
and some have questioned its validity 
with respect to specific areas. The pur- 
pose of the present paper is to review the 
pertinent data on coal and petroleum for 
the State of Illinois and to consider their 
bearing on the various parts of the car- 
bon-ratio theory. 

The fundamental concept of the carbon- 
ratio theory is that dynamic metamor- 
phism, acting upon rock strata through 
past geologic ages, has caused progressive 
increase in the fixed carbon content of 
coal and in the Baumé gravity of petro- 
leum. From proximate analyses of coal, 
giving the percentages of four constitu- 
ents, namely, moisture, volatile combust- 
ible matter, fixed carbon and ash, the 
“carbon-ratio” or per cent fixed carbon 
in moisture and ash free coal can be 
calculated. The carbon-ratio of a coal in 
any locality according to the theory, is 
an index to the degree of dynamic meta- 
morphism to which the coal and its asso- 
ciated strata have been subjected in that 
locality. Commercial oil fields, it was 
found, are confined to areas in which 
carbon-ratios are not over about 65 (pure 
coal basis). Some gas fields are located 


in areas of somewhat higher carbon-ratios 
but not over 70. No commercial gas or oil 
are found im areas of carbon-ratio above 
70. In some regions a progressive in- 
crease in the Baumé gravity of oil (de- 
crease in specific gravity) was noted in 
going from areas of low carbon-ratio to 
areas of high carbon-ratio, or from areas 
of little structural disturbance to those 
highly disturbed. From these observa- 
tions it is inferred that dynamic meta- 
morphism acts on oil to change it chem- 
ically, making it lighter in gravity until 
a point is reached at which it is no longer 
liquid at ordinary temperature and pres- 
sure. The boundary between an area in 
which oil pools occur and an area of 
higher carbon-ratios in which there are 
no oil pools is called the “extinction 
zone.” In arecent paper by David White, 
the extinction zone is placed between 
carbon-ratios of 61 and 63 (pure coal 
basis). 

If all coals were formed in the same 
manner from the same original material, 
and if all determinations of carbon-ratio 
were made by the same procedure, the 
variations in carbon-ratio found might 
be ascribed entirely to varying degrees 
of subsequent metamorphism. However, 
it is well known that coals differ greatly 
in respect to the original material from 
which they were formed. Methods of 
sampling coal and of making proximate 
analyses of coal have differed at different 


* Here published in full for the first time; abstract appeared in Transaction, Ill. Acad. Sci., 1936. 
Published with permission of the Chief, State Geological Survey. 
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times and in different laboratories. A 
number of different methods have been 
used to calculate “carbon-ratios.” Con- 
sequently much caution must be used in 
any attempt to use carbon-ratios as an 
index to the degree of dynamic meta- 
morphism. 

A discussion by W. T. Thom of sources 
of error and of limitations to the use of 
carbon-ratios has been published. After 
considering the probable maximum varia- 
tion of carbon-raticos from the “true norm 
for the metamorphism which such coal 
samples have suffered,” due to initial dif- 
ferences in coal-forming vegetation at 
time of burial and to errors in sampling, 
analysis and computation, Thom says 
“Carbon-ratios appear to provide a fair 
qualitative index of local metamorphic 
intensity, but do not give quantitative 
measures which can be relied on in draw- 
ing isocarb contours of less than 5 per 
cent (average) differences, even when 
derived with all possible care.” 

The relative merits of the various 
methods of computing “carbon-ratio” 


were also discussed by Thom in the same 
paper. According to the usage of David 
White and of most writers on the subject, 
carbon-ratio is the percentage of fixed 
carbon in dry ash-free coal computed 
from the proximate analysis. Thom, on 
the other hand, advocates the definition 
of carbon-ratio as the percentage of fixed 
carbon in moist or “as received” ash-free 
or mineral-matter-free coal because “the 
moisture reported in the ordinary proxi- 
mate analysis must be regarded as an 
actual constituent of the coal, particularly 
if the fixed carbon content is to be used 
broadly as a rough index to the intensity 
of metamorphic action.” An additional 
but minor point in favor of using the 
carbon-ratio of the moist coal is that 
one less experimental determination is 
involved and hence there is one less 
chance for error. 

Table 1 shows four methods of defin- 
ing and calculating carbon-ratio. An 
actual coal analysis is taken for an ex- 
&mple and carbon-ratio calculated by each 
of the four methods. It may be noted 


TABLE 1.—CALCULATION OF CARBON-RATIO FROM PROXIMATE ANALYSIS OF 
“AS-RECEIVED” SAMPLE GIVEN THE FOLLOWING ANALYSIS 


“As received” Basis 








Moisture Free Basis 








Ee Ce ee rT Se PE rrr 15.9 per cent 
VCr 
Volatile Combustible Matter............... VCr 32.6 per cent VCe = —— = 38.8 
100-Mr 
FCr 
ee RO hii cassb es eG swauesecsaaees FCr 42.5 per cent FCt = ——— = 50.5 
100-Mr 
MRS 5s:c. os Seah BUST Se tbk Oe oeR EEE DL erika Core 9.0 per cent At = qt = 209 
—_— 100-Mr 
100.0 
Sr 
Nn io ei uae porte eee eeneeeeene 3.05 per cent Ste = —— = 3.62 
100-Mr 
Carbon-Ratio | — Per cent fixed carbon in ‘‘pure coal’’ or dry ash free coal 
FCr X 100 42.5 X 100 eee 
100 — (Mr + Ar) 100 — (15.9 + 9.0) f 
Carbon-Ratio I! — Per cent fixed carbon in “unit coal’’ or dry mineral matter free coal 
100 (FCe — .15 Sr) se 100 (50.65 — .15 x 3.62) ors 
100 — (1.08 At + .55 Sr) re 100 — (1.08 X 10.7 + .55 X 3.62) ; 
Carbon-ratio Ii! — Per cent fixed carbon in ‘‘as-received, ash-free, or moist, ash free’’ coal 
FCr X 100 42.5 X 100 
—_—__- —_—_—_—__ = 46.7 
100 — Ar 100 — 9.0 
Carbon-Ratio iV = Per cent fixed carbon in ‘as-received, mineral matter free, or moist 
mineral matter free’’ coal 
100 (FCr — .15 Sr) 100 (42.5 — .15 X 3.05) as 
— — o 








100 — (1.08 Ar + .55 Sr) 


100 — (1.08 X 9.0 + .55 X 3.05) 
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that carbon-ratios on the dry coal basis 
are considerably higher numerically than 
those on the moist coal basis but the 
numerical differences resulting from the 
use of mineral-matter-free instead of ash- 
free coal are comparatively small and of 
the order of 1 per cent. Hence in mak- 
ing use of carbon-ratios from different 
sources, those for moist coal must not be 
compared directly with those on dry coal 
although it is permissible when studying 
large regions to use mineral-matter-free 
and ash-free carbon-ratios on the same 
map. 

In the present study of Illinois carbon- 
ratios isocarb maps were made for both 
dry and moist carbon-ratios. Although 
both maps showed the same broad fea- 
tures, the map of moist carbon-ratios was 
more consistent and the variations in 
carbon-ratio were less abrupt in some 
areas than in the map of dry carbon- 
ratios. 

Figure 1 includes two maps, one show- 
ing structure and the other showing car- 
bon-ratios. The structural key horizon in 
all but eastern Illinois is the top of coal 
No. 6, and the contour interval 100 feet. 
In the area of the LaSalle anticline in 
eastern Illinois, the key horizon is the 
base of the Sweetland Creek and top of 
the Devonian limestone. The principal 
structural features shown are the large 
basin which includes all of the Pennsyl- 
vanian area in Illinois and extends be- 
yond the state border into Indiana and 
Kentucky, the LaSalle anticline and the 
Duquoin “anticline” or, more appropri- 
ately, monocline. Areas of abundant 
faults in the southern part of the State 
are outlined by dotted lines. 

The carbon-ratios shown are the per- 
centages of fixed carbon in moist mineral- 
matter-free coal (No. IV, Table 1). Datum 
points are not shown. Each datum point 
represents one mine and in most cases is 
an average of the analyses of several face 
samples. The great majority of the anal- 
yses were of coal No. 6. Those in the 
northern part of the area were of coal 
No. 5, No: 2 and No. 1. According to 
Hilt’s law, carbon-ratios increase with 
depth of burial and with geologic age 
for different coals at the same loca- 
tion. Therefore, if carbon-ratios of 
different coals are to be used in draw- 
ing isocarbs, they should all be referred 
to a single horizon by adding or subtract- 
ing an amount which is the average dif- 


ference in carbon-ratio of the given coal 
and the coal at the reference horizon 
over an area in which both coals occur. 
This is difficult, however, because in most 
districts only one coal is mined, and data 
are insufficient to obtain a reliable value 
for the average difference in carbon-ratio 
between any two coals in the same area. 
Moreover, there are some instances where 
an upper coal has a higher carbon-ratio 
than a lower coal at the same locality. 
In such cases it is evident that other 
factors such as original constitution of 
the coal-forming material had more in- 
fluence in determining carbon-ratio than 
did depth of burial. Available data show 
that average differences in carbon-ratio 
of the various coals used in this study 
are considerably less than the isocarb 
contour interval of 5 per cent. Accord- 
ingly it was decided not to use a correc- 
tion to a single reference horizon. 

The isocarb map shows progressive in- 
crease in carbon-ratio in going from north 
to south toward the faulted area in 
southern Illinois. Data are lacking in 
the central part of the basin and in 
most of the LaSalle anticline area but 
the isocarbs have been tentatively drawn 
to show a high in this area, and a low 
in the basin area to the west. A pro- 
nounced carbon-ratio high extends north- 
ward from the southern part of William- 
son County a few miles east of the 
Duquoin anticline. This coincides in lo- 
cation with a belt of faulting which ex- 
tends northward into Franklin County. 
Some of the smaller carbon-ratio highs, 
however, are not connected with known 
structural features. Attention is here 
called to the fact that a majority of the 
oil and gas pools of the State are located 
on or near carbon-ratio highs. Those 
that are not so located as shown by the 
present map are nearly all in areas where 
carbon-ratio data are scarce or lacking, 
as for example the Jacksonville gas field, 
the Colman-Plymouth oil field, the Water- 
loo and Dupo oil fields. There is a sug- 
gestion that the carbon-ratio highs were 
caused by forces of structural deforma- 
tion which at the same time favored the 
accumulation of oil and gas. 

Figure 2 is a carbon-ratio and structure 
map of the southern part of Illinois. It 
is on a larger scale and is more detailed 
than Fig. 1. Instead of the boundaries 
of faulted areas, the location of the faults 
themselves is shown. In addition to the 
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oil and gas fields which are named, the 
location of important oil shows are in- 
dicated. One of these, which was a 2-bar- 
rel show in the Ste. Genevieve lime- 
stone (Lower Mississippian) is located on 
a carbon-ratio high. 


Variations in oil gravity in Illinois are 
greater in different stratigraphic horizons 
in one locality than they are for oil from 
one stratigraphic horizon in different lo- 
cations. There is no recognizable rela- 
tionship between areal variations in oil 
gravity in Illinois end areal variations 
in either carbon-ratios or degree of struc- 
tural disturbance. This lack of correla- 
tion may be due largely to the fact that 
the known oil and gas fields of the State 
are confined to areas in which the range 
of carbon-ratio variation and in degree of 
structural disturbance is considerably 
less than the total range for the whole 
State. 


The data presented above on carbon- 





ratios and structure in Illinois definitely 
indicate a relationship between regional 
variations in carbon-ratio and degree of 
structural disturbance. However, the 
greatest degree of structural disturbance 
in the coal basin of Illinois, which occurs 
in the Illinois Ozarks, falls far short of 
that in the intensely folded anthracite 
region of Pennsylvania, and therefore 
conditions in Illinois are not suited for 
a complete investigation of the carbon- 
ratio theory. 

Carbon-ratio data may be of some as- 
sistance in future prospecting for new 
oil and gas fields in Illinois by suggesting 
territory in which probabilities appear 
greater than in neighboring territory. 
They cannot be expected to provide as 
good a basis for recommending definite 
locations for drilling as detailed struc- 
tural data. Nor can any part of Illinois 
be eliminated from consideration as pros- 
pective oil territory on the basis of car- 
bon-ratio data. 
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Fie. 2. To accompany ‘‘Status of Carbon-Ratio Theory in Illinois,’’ 
by A. H. Bell. 




















PAPERS IN PHYSICS 


Extract FrRoM THE REPORT OF THE SECTION CHAIRMAN 


The Evanston program carried 20 papers, 12 of which are herewith pub- 


lished. The others were: 


Eaton, D. H., Northern Illinois State Teachers College, DeKalb.—In- 
ternal resistance of polarized cells. 

Hincu, W. H., Central Scientific Co., Chicago.—The lift and drag forces 
in a model airplane wing. 

Krans, D. H., University of Illinois, Urbana.—Experimental investiga- 
tion of the flow-energy equation. 

Lona, V. A., Bradley Polytechnic Institute, Peoria —F luctuational effects 
in cosmic-ray ionization. 

Peck, E. R., University of Chicago, Chicago—High dispersion pho- 
tometry of ultra violet absorption spectra using Geiger counters. 

SmitH, Rouanp, JR., Northwestern University, Evanston.—The electro- 
magnetically driven tuning fork. 

Spence, B. G., Northwestern University, Evanston —General plan and 
equipment of the new Northwestern University physics laboratory. 
StemnHavs, Davin, Lake Forest College, Lake Forest——Some experiments 

with a flicker photometer. 
Frank L. Verwiebe, Eastern Illinois State Teachers College, Charleston, 


was elected chairman for the Urbana meeting. 








(Signed) Px. A. ConsTanTINIDEs, Chairman 
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PROGRESS IN THEORY AND USE OF CONCAVE GRATINGS 


H. BEUTLER 


University of Chicago, Chicago, Illinois 


In 1882, Rowland invented the concave 
grating and thus created a simple and 
very powerful instrument for obtaining 
spectra of high resolution and dispersion. 
Since then, some changes in the mount- 
ing of the grating have been introduced, 
and grazing incidence has been used for 
exploring short wave-lengths in vacuum 
spectroscopy. 

The investigation of the spectra of 
polyatomic molecules necessitates the ap- 
plication of the highest possible resolving 
power over extended regions of the spec- 
trum, excluding thereby interferometers 
and requiring the extension of the limits 
in resolution that can be obtained by 
gratings. A more general treatment of 
the theory of image formation by the 
concave grating was therefore started, ex- 
tending the calculations into three dimen- 
sions. 

A grating is defined by its radius of 
curvature, R, and by the spacing of the 
grooves, d; in addition, by the area on 
which grooves of length, 1, are ruled over 
a width, w. We can describe then every 
point P on the grating’s surface by Carte- 
sian coordinates 1, w and ¢, with origin 
at the center 0 of the grating. In front of 
the grating lies a point light source A, 
with the cylindrical coordinates (origin 
at 0) r, @ and z, and an image point B 
with r, g and z. The ¢oordinates 1, z 
and z are then parallel. 

For the paths of the light diffracted on 
the grooves the following function holds: 

Ww 
F = AP + BP + m.yA.—, 


where ) is the wavelength and m the 
spectral order of the light appearing at 
B. The function F is a complicated power 
series in R, 1, R-, R*..... , containing as 
factors a,8, Ww and 1 in ascending powers. 
To have the light from A focused at B, 
the function F has to fulfill Fermat’s 
conditions: 
oF oF 


—_ = -_— = 0 


Ow ol 





Mercury line 25387A, showing the five hyper- 
finestructure components. The separation of 
the middle components requires a_ resolving 
power of 300, 

The first condition yields in first ap- 
proximation the formula for the plane 
grating, \ as function of q and 8, that 
holds also for the Rowland circle. Fur- 
ther, it defines in higher approximation 
the Rowland circle as the locus for slit 
and image. The second condition does 
not hold for the Rowland circle, but gives 
rise to astigmatism by drawing each 
point light source out to a line. But this 
elongation occurs strictly in the direction 
of the slit and does not impair the defini- 
tion of the spectral lines, only their in- 
tensity. This astigmatism for all angles 
a and g is graphically represented in 
three diagrams, one showing the length 
z to which the image of a point is elon- 
gated; the second gives the length of the 
luminous slit necessary to obtain a spec- 
tral line that has the maximum intensity 
over 5 mm along its center; the third 
graph shows the position in front of the 
slit that a light source should have in 
order to be focused on the Rowland circle. 


The focusing conditions for Wads- 
worth’s mounting are to be found by 
setting r—oo (parallel light). The as- 
tigmatism for points outside of the 
normal has been calculated. 
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oF 

But the partial differential —— can- 
ow 

not be kept exactly equal to zero. The 


Xr 
maximum value allowed is —, lest extinc- 


tion of the image occur by spherical aber- 
ration. The latter limits the allowed 
length 1 and width w of the grating 
simultaneously, and thus limits the maxi- 
mum resolving power. A graph repre- 
sents the allowed areas for all angles a 
and p. 

There are some cross terms contained 
in the series development of F, involving 
w.l?.f (a, 8, R). They indicate the pres- 
ence of coma in the image formation. 
The magnitude is represented in a graph. 
In practice it is necessary to limit its 
amount by restricting the length of the 
grooves. 

The same cross term causes the curva- 
ture of the spectral lines, the calculation 
of which has been carried through. This 
information is often necessary to insure 
the highest accuracy in the measurement 
of the plates, or to utilize the grating as 
a monochromator with a straight or 
curved exit slit. 

These derivations of the imperfections 
in the image formation enable one to 
distinguish between the defects in the ad- 


justment and the errors in the grating 
itself. They allow a safe quantitative 
judgment about the maximum resolving 
power obtainable by a given grating. 

In addition they allow one to compen- 
sate for errors in the grating by slight 
changes in the mounting. Thus, the 
sperical aberration can be utilized to com- 
pensate for the error run of the ruling of 
the grating, by setting not the geometri- 
cal center but another point of the grat- 
ing (along its “equator’) tangent to the 
Rowland circle. Thereby, the exact circle 
is retained as focal curve. By this means, 
three big gratings have been adjusted on 
the same Rowland circle of 30 feet diam- 
eter. Each of these gratings yields a 
resolving power up to 300,000 and 400,000. 
The advantage of having multiple grat- 
ings is that a high intensity can be pro- 
cured over a wide wavelength range, 
since each grating has a maximum re- 
flectivity over a small angular range only. 


Some reproductions of spectral lines of 
mercury are shown in the figure, which 
indicate in the resolved hyperfine struct- 
ure a resolution of more than 300,000 ob- 
tained with our gratings. 

I take pleasure in acknowledging the 
cooperation of Dr. Mark Fred, N. Me- 
tropolis, and A. T. Wager in the work 
leading to these results. 





TWO SIMPLE PIECES OF APPARATUS FOR LECTURE 
DEMONSTRATION IN GENERAL PHYSICS 


M. ALDEN COUNTRYMAN 
Illinois Institute of Technology, Chicago, Illinois 


Two simple pieces of lecture demon- 
stration apparatus are presented: one 
an electromagnet made from the field 
structure from an old ‘Edison’ type D. C. 
generator with suitable accessory parts to 
conveniently demonstrate the Faraday 
disc or Homopolar Generator, Barlow’s 
wheel, the action of a D’Arsonval gal- 
vanometer, electromagnetic damping, and 
the moving element oscillograph, and the 
other a modification of the usual device 
for demonstrating the addition of colored 
lights. This latter device consists of 
three small lamp houses each equipped 
with one of the three color-separation 
filters supplied by the Eastman Kodak 
Company, and sO mounted as to swing 
in a vertical arc about a central white 


circular plane having at its center an 
equilateral triangular pyramid also white. 
When the lights and pyramid are adjust- 
ed so that each light shines on a sep- 
arate face of the pyramid each primary 
color is separately visible. As the pyramid 
is rotated, any pair of colored lights are 
additively combined in variable propor- 
tions on a single face of the pyramid, and 
when the three lights are swung down 
they all three combine on a single face 
of the pyramid and thus demonstrate 
rather strikingly that if the three colors 
are the three primary colors, their addi- 
tive combination must necessarily—and 
does actually—produce the sensation of 
white. 
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THE METERING OF PROJECTION PRINTING 


Roscoe E. HARRIS 
Lake Forest College, Lake Forest, Illinois 


A simple photometer for accurately 
metering the intensity of various parts 
of the negative image is a very useful 
dark room adjunct in making projection 
prints from miniature negatives. The 
one shown in the orthographic projectior 
has proved to be accurate tv .01 candle 
meter. 

This drawing (fig. 1) shows the eleva- 
tions with front and side removed and 
the top view with the top partially cut 
away. There is a small room containing 
a 5-watt lamp and switch, light shielded 
from the rest of the case except for a 
small window in the side wall (shown 
shaded in the drawing). This window 
is covered with white paper as a diffusing 
matt, and is shuttered by a variable disc 
(A) turned by a knob graduated in 
candle meters on the right hand side of 
the case. The light may be varied from 
zero to the upper limit, which may be 
varied by changing the size of the win- 
dow or by changing the baffling on the 
sides of the case (not shown in the fig- 
ure). These baffles are simply pieces of 
black, white, and blue paper on the inner 
walls to change the amount and color 
value of the light that illuminates the 
plate B that covers half of the field of 
view. Ususally 1 candle meter is suffi- 
cient range for amateur photographic 
enlargement. The intensity of B may thus 
be varied from zero to 1 candle meter 
without changing the color of the light. A 
rheostat control is not practicable be- 
cause of color change and lack of con- 
stancy of the rheostat with temperature 
changes. The sight tube directs the 
vision thru an aperture stop C, which is 
adjustable as indicated, onto a field of 
view one-half of which is covered by the 
plate B, and the other half covers a por- 
tion of the negative image being metered. 
This limitation of the field of view is 
essential in visual comparisons of bright- 
ness. A blue filter placed over this 
aperture makes its possible to work with 
a bright red light on all the time, and 
completely corrects any color differences. 

In use, it is necessary to have a fair 
notion of the sensitometry of the paper. 
































Fig. 1. 


For example, a contrast grade of bromide 
paper has a lower threshold at about 0.5 
candle meter second (c.m.s.), a middle 
grey exposure of 1% to 2 c.m.s., and an 
upper threshold of 7 c.m.s. Suppose that 
the negative is projected and a portion 
selected in the middle grey, that in the 
artist’s judgment requires 1.5 c.m.s. ex- 
posure. The photometer may be set at 
.10 candle meter and the projector dia- 
phragm adjusted until this portion 
matches in the photometer field. Then 
15 seconds exposure should be correct for 
the entire negative. 


Differently exposed negatives will re- 
quire other photometer settings. It is 
interesting to meter other spots in the 
shadows and highlights and calculate the 
exposure these portions will receive. Thus 
a grade of paper may be selected that 
would bring out the full merits of the 
negative. 


The photometer has been used for 
measuring brightness of dimly lighted 
rooms, absorption of wall papers, etc. 

Sufficient detail is included in the fig- 
ure so that any one may construct the 
apparatus for his own dark room. 
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DIFFERENCES OF ELECTRIC POTENTIAL IN THE 
LEAVES OF PLANTS 


A. Frances JOHNSON 
Rockford College, Rockford, Illinois 


Differences of electric potential appear 
to exist in all living organisms. Physiolo- 
gists and biophysicists are studying these 
differences of potential in an attempt to 
discover their origin, and to determine 
whether they are, as some investigators 
think, mere indicators of processes going 
on in the organism or whether they exert 
some control over these processes. Knowl- 
edge of the factors which influence these 
differences of potential, not only assists in 
arriving at a solution of the problem of 
their origin’ ** but also makes it pos- 
sible in some cases to use them to indi- 
eate changes going on within an organ- 
ism without probing within that organ- 
ism or injuring it in any way. Since 
these differences in electric potential in 
plants and animals are affected by num- 
erous physical conditions, many of which 
undoubtedly are yet unknown, experi- 
ments are difficult to control and it is 
well to have similar experiments repeated 
by several investigators. One of the fac- 
tors most studied has been the influence 
of light on the potential differences be- 
tween two points on the leaves of 
plants.*:° I am presenting data which I 
have obtained on changes in potential 
difference produced between a point near 
the basal end of a leaf and another point 
near the apical end when an area between 
these points is irradiated by visible light. 

Poinsettia leaves growing on the plant 
have been used throughout these experi- 
ments. The differences of potential are 
measured by a Compton quadrant electro- 
meter. The electrometer is housed in an 
earthed electrostatic shield near which 
is placed another earthed metallic box 
containing the plant whose leaf is to be 
used in the. experiment. The pot in 
which the plant is growing is insulated 
on a paraffined wooden block. The leaf 
is encased in a transparent plastic box 
in such a manner that the leaf is sup- 
ported in a horizontal position on the bot- 
tom of the box. L-shaped electrodes of 
silver wire pass through slots in the sides 
of the box. One end of each electrode 
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Fig. 2. 


has been chloridinized and dips into a 
drop of tap water placed upon the leaf. 
The electrode near the basal end is con- 
nected by means of a switch to the in- 
sulated quadrants of the electrometer. 
The metal box which contains the plant 
is painted black inside. An adjustable 
opening on top admits light from an in- 
candescent lamp directly above it. A 
water filter is used to absorb much of 
the infra-red radiation from the lamp. A 
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piece of heavy black paper with a rec- 
tangular opening placed on top of the 
plastic box is used to admit the light to 
the desired area between the electrodes. 
The intensity of the light which falls on 
the leaf is determined by removing the 
leaf and putting in its place a thermopile. 

The type of response obtained is shown 
in figs. 1 and 2. The curve gives in each 
case the variation with time of the poten- 
tial of the basal electrode with respect to 
the apical electrode which in turn is 
earthed. The arrows indicate the in- 
tensity of the light used and the duration 
of the exposure. Curve a of fig. 1 repre- 
sents the condition in which the plant 
had been kept in a dimly lighted room 
for several hours before the application 
of the electrodes. Readings of the poten- 
tial were started as soon as the electrodes 
were applied. The initial variations can 
be ascribed to the disturbance caused by 
mechanical manipulation in setting the 
plant up for the experiment. In this case 
an appreciable change in potential was 
produced by the illumination. Curve Db 
(fig. 1) shows the response of the same 
leaf on the following morning. The plant 
had been left over night entirely undis- 
turbed in the light tight box. In both of 
these sets of determinations the light 
was allowed to fall over the whole of the 
plant. 

Curves c and d show the response of a 
leaf irradiated on two different occasions 
with light of the same intensity, for the 
same length of time, and over the same 
area between the electrodes. An interval 
of an hour’s time during which the plant 
was left undisturbed in the dark, elapsed 
between the two series of observations. 
The two responses were nearly indentical. 
Fig. 2 shows the effect on the potential 
difference of successive irradiations of 
the same area of a leaf by light of in- 
creasing intensity. It will be noted that 
the magnitude of the response in general 
decreases with the increase in intensity 
of light, but the response takes place 
more rapidly. The plants represented by 
curves c and d of fig. 1 and by those of 
fig. 2 were kept over night in the light 
tight box before observations were 
started. 


The variation in potential difference 
observed in Poinsettia leaves with ir- 
radiation by visible light is similar to 
that obtained by other observers for the 
same® and for different leaves’ using 
somewhat different procedures. The re- 
sults under the conditions represented by 
fig. 2 are not inconsistent with those of 
Marsh*® working with Valonia, but many 
more observations must be made before 
a definite conclusion can be reached. 


It should be remarked that the mangni- 
tude of the response to irradiation varies 
greatly. Many times it is so small as to 
make the change indecisive. Keeping the 
plant in the dark for several hours will 
often increase the response, but some- 
times two days in the dark will not be 
sufficient to make the response appre- 
ciable. Small responses seem to be found 
more often in summer than in winter. 
Whether the season, the condition of the 
plant, its environment, or the conditions 
under which it was grown are responsible 
for this lack of change is still to be de- 
termined. 

I should like to express my apprecia- 
tion of the interest and assistance given 
to this work by Dr. Charles Sheard of 
the Mayo Foundation, and to the Illinois 
State Academy of Science for a grant of 
money which has made it possible to con- 
tinue the work at Rockford College. 
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RADIOACTIVE TIPS FOR THE LECTURE TABLE 


Cuas. T. Knipp 
University of Illinois, Urbana, Illinois 


A number of years ago the author’ de- 
scribed a radioactive tip consisting of a 
solid cane of Pyrex glass about 2 mm in 
diameter and 5 cm long carrying on one 
end a minute quantity of a radioactive 
salt of high activity for furnishing the 
source of positive rays (alpha particles) 
in a simple Wilson cloud chamber. 

To prevent the radioactive material 
from flooding the chamber with emana- 
tion, and also to guard against the active 
salt being washed off by coming in con- 
tact with the water within the apparatus 
when in use, the tip carrying the salt 
was (and still is) covered with a very 
thin film of glass (Pyrex) to keep back 
the emanation but which allows the alpha 
particles to pass freely. 

The tip while being fabricated is tested 
by placing it temporarily in a cloud 
chamber. If less than 5 alpha ray tracks 
result on each expansion it is rejected. 
An occasional one may give 10 to 15 
tracks. For purposes however of showing 
the phenomenon to a class the number of 
resulting tracks should be between 5 and 
10. More than 10 is like watching a four 
ring circus. 

These tips are being used at the present 
time for other purposes tn the physical 
sciences, notably for showing the dis- 
charge of electroscopes on the lecture 
table. For this purpose stronger tips are 
desired. The stronger the tip, i.e., the 
more radioactive material that it carries, 
the more rapid the discharging effect, and 
also the farther away this effect may be 
noticed. 

Tips that are used in the open should 
be handled with care. The active end 
with its covering of thin mocroscopic 
glass is easily injured by touching with 
the finger or by rough handling. Tips 
for lecture table demonstrations should 
each produce from 25 to 50 alpha ray 
tracks on expansion. It is impracticable 
to make each larger or stronger because 
of constructional difficulties. Hence if 
sources of radioactivity of greater 
strength than 50 alpha ray tracks (on 
the scale cited above) are desired, as in 


the case of discharging an electroscope 
at a distance, two or more tips may be 
assembled in bundles as shown in fig.1. 
In the figure, a represents a single 
finished unmounted tip. It is in this 
form that they have their greatest use. 
To prevent the active ends from 
being touched in handling, or injury in 
use, it is recommended that these bundles 
be mounted in glass envelopes the open 
end of each to project about 2 mm beyond 
the ends of the tips encased. The mount- 
ing of a single cane is shown at b in fig. 
1; and for a bundle of 3 canes, at c. 
The corresponding end views are also 
shown. The mount is entirely of glass 
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and with handle is about 15 cm long. 
To prevent it from rolling off the table 
each envelope has 3 equally spaced glass 
nibs fused on it (only two are shown) 
as indicated at b and c. The end views 
of these larger bundles containing 7, 12, 
and 19 tips respectively, mounted within 
glass envelopes, are shown at d, e, and f. 

Obviously, for a given distance from an 
electroscope, the rate of discharging it is 
directly proportional to the number of 
tips, providing of course that all emit 
approximately the same number of alpha 
particles. This condition is approached 
as nearly as possible in their manufac- 
ture. A strong radioactive deposit will 
fail to produce tracks (when tested as 
above indicated) if a thick film of glass is 
used for a cover. Hence great care must 
be exercised in their fabrication, and, 
further, radioactive salt of suitable in- 
tensity is expensive. 
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FORMS OF DISCHARGE IN MICRO-GAPS 


RicHarD W. JONES AND WALTER S. HuxrorpD 
Central Y. M. 0. A. College, Northwestern University, Evanston, Ill. 


The potential required to produce a dis- 
ruptive discharge between two electrodes 
immersed in a gas has been studied by a 
large number of workers. At gas pres- 
sures of 150 cm and less the breakdown 
potential follows Paschen’s Law, that is 
V,=f(p xd). The curve of breakdown 
potential versus electrode separation in 
this pressure range is characterized by a 
pronounced minimum potential, below 
which it is impossible to obtain a spark 
breakdown. 

Hobbs’ and others have shown that at 
atmospheric pressure there is a signifi- 
cant departure from Paschen’s Law, in 
that the breakdown characteristic does 
not exhibit a minimum value. Instead, 
the potential at very small gaps decreases 
linearly to zero, which suggests a field 
dependent discharge. All the fields re- 
ported in the literature are of the order 
of 10° volts per cm. Although this is the 
order of field strength within which field 
currents have been obtained in vacuum, 
it was not until a recent paper by Pear- 
son’? that any measurements of field cur- 
rents at atmospheric pressure were re- 
ported. 

The discharge or breakdown at gaps 
of the order of 10“ cm takes several dif- 
ferent forms. At gaps somewhat smaller 
than this value, it has been generally ob- 
served that the breakdown results in co- 
hesion or short circuit of the contacts. 
This cohesion has been shown to consist 
of a bridge of electrode metal. At gaps 
somewhat greater than 10~ cm, it is found 
that breakdown results im a more or less 
stable discharge of the nature of an arc. 
It should be pointed out that the break- 
down described above may occur at po- 
tentials less than the minimum sparking 
potential as given by the Paschen curve. 
Eskin® previously suggested that this 
type of breakdown might well explain the 
reignition of AC arcs. 

The authors, working with polished 
silver electrodes, have observed that the 
breakdown potential for these micro-gaps 
is dependent upon their history. This is 
perhaps best seen by reference to table I, 
which shows the manner in which the 


1G. M. Hobbs, Phil. Mag. (6) 10, 617, 1905. 
2G. L. Pearson, Phys. Rev. 56, 471, 1939. 
3S. G. Eskin, J. App. Phys. 10, 631, 1939. 


breakdown voltage changes with the 
magnitude of the initial applied potential. 
In the case of electrodes 1 to 4 the ini- 
tially applied potential of 10 volts was 
increased in steps of 10 volts, each step 
being held for 5 seconds, until breakdown 
occurred at the voltage indicated. For 
electrodes 5 to 12, in all except one case, 


TABLE I.—EFrrect oF INITIAL VOLTAGE ON 
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breakdown was observed at the initial . 


potential. 

Previous observations of the break- 
down of these micro-gaps were made with 
the use of a voltmeter connected across 
the electrodes. Series resistance was 
used with the contacts, and the decrease 
in potential across the electrodes was 
taken as indication of a discharge. In 
the present study it has been found that 
transient discharges occur between 
polished silver electrodes before a break- 
down (either cohesion or a stable dis- 
charge) takes place. These discharges 
are faintly audible, and luminous when 
obseryed in a darkened room, although 
it was found impossible to detect them 
on a voltmeter connected across the con- 
tacts. These discharges were character- 
ized, however, by a variety of markings 
left upon the electrode surfaces. These 
markings are entirely different from 
those observed following a complete 
breakdown. 

The markings observed were of two 
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distinct varieties. In fig. 1 is shown a so- 
called “bird shot” pattern. The markings 
were somewhat less than 1 mm in diam- 
eter, and the cathode marking was al- 
ways found to be more extensive than the 
one on the anode. In general, this type 
of marking occurred with a low series 
resistance (76 ohms) and at a voltage of 
less than about 250 volts. 

Fig. 2 shows a ring pattern, which 
consists of a number of concentric col- 
ored rings. This type of marking was 
observed in general with relatively high 
series resistance (1000 ohms) and at po- 
tentials above 270 volts. In some in- 
stances the rings completely filled the 
area, leaving no clear central region as 
shown in fig. 2. In other cases, a bird 
shot pattern has been observed within 
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the central area of a ring pattern. 

Using an extremely high series resist- 
ance (10” ohms) and a galvanometer in 
series with the electrodes, current pulses 
were observed within this range of gaps 
and voltages. At a given gap setting, these 
current pulses appear quite at random 
for voltages below 320 volts, but above 
this value, however, the pulses appear at 
more or less regular intervals until at 
350 volts or so, the pulses are quite regu- 
larly spaced, having frequencies of the 
order of 30 per minute. A further in- 
crease in voltage greatly increases the 
frequency, until finally cohesion results. 
Each pulse is accompanied by a luminous 
discharge in the gap, but no markings 
such as described above have been ob- 
served on the elctrodes. 





CATHODE 1 ANODE 
CATHODE 2 ANODE 
Plate |.—Electrode surface markings following a transient discharge. 1. Shows 


“bird-shot” 2. 


Shows ring pattern. 
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OBSERVING AND MEASURING SWAY IN A TALL BUILDING 


SISTER Mary THERESE, B.V.M. 
Mundelein College, Chicago, Illinois 


A very comprehensive study of wind 
forces extending over a five year period 
of observation on the Empire State Build- 
ing is reported in the Proceedings of the 
American Society of Civil Engineers, 
September, 1938. It seemed of interest to 
compare the results of a similar study on 
a fifteen story building with those on one 
hundred and two stories. Although our 
study was begun only two months ago 
the data collected lead to several inter- 
esting and confirming results. 

The building in which the observations 
reported were made is Mundelein College 
for Women, located on Sheridan Road at 
Devon Avenue in Chicago. The total 
height above the street level is 208 feet. 
Above the fourth floor there is symmetry 
along one axis extending north and south. 
Structurally this building consists of re- 
inforced concrete construction, the outer 
walls of which are covered with lime- 
stone. The partitions are of tile and 
plaster and the floors of concrete, pan 
construction. Much of this material is 
not elastic and does not follow Hooke’s 
law. As a result when it is subjected to 
loads, the building shows a slight amount 
of plastic action; that is, when it is de- 
flected by a horizontal force it will not 
return exactly to a definite fixed position. 

The story height, the length of the re- 
sisting walls, the number of windows, the 
type of masonry, the sequence in which 
the different stories were built and the 
temperature—all affect the damping re- 
sistance, and these variables make it im- 
possible to predict what the ratios of re- 
sistance will be in any given building. 
After many high winds the wall resist- 
ance probably diminishes. 

For these reasons engineers design for 
elastic resistance only. Even there the 
variables are so many, and so many ap- 
proximate assumptions are necessary that 
their best design figures are plus or 
minus ten per-cent. Their aim is to so 
frame the building that under the maxi- 
mum “twenty-year-wind” in the most ef- 
fective direction the yield point of the 
elastic materials will not be exceeded. 

The buildings in the vicinity of the 


structure are of varying heights ranging 
from low two story residences to seven- 
teen story apartment buildings. A study 
of the character of the obstructions 
which, it was easily seen, were of the 
type that would disturb the air currents, 
was undertaken for a radius of four 
blocks. North and northwest, south and 
southwest are the directions of greatest 
obstruction. The entire east side is ex- 
posed to the Lake and the west side has 
but one building as tall as seven stories. 

Two methods of taking observations 
were used. In one the dial on the four-cup 
anemometer and the direction of the wind 
were read just before and just after the 
deflection ‘readings. The average velocity 
was taken and not the maximum. In the 
other half hour deflection readings were 
automatically recorded on a single record- 
ing sheet for a period of eight hours each 
day. These cluster points were inter- 
preted on the basis of average deflection 
and average anemometer readings which 
were taken hourly during the correspond- 
ing day. 

A pendulum hanging from a point be- 
tween the eighth and ninth floors with a 
110 lb. bob poised over a recording table 
was adjusted to a chosen zero point at the 
centre of a graduated circle directed to- 
ward the compass points. A sheet of polar 
coordinate paper was placed between 
the tungsten point on the lower surface 
of the bob and a copper plate on the re- 
cording table. For one type of observa- 
tion the automatic timing device closed 
the circuit every half hour, and a perfora- 
tion was made in the polar coordinate 
paper. For the other, a new sheet of 
polar co-ordinate paper was slipped into 
the gap and properly orientated, the 
switch manipulated manually, and the 
reading taken. 

By either method the deflection for 
wind velocity up to 20 miles per hour 
did not exceed 0.15 inches with the lower 
limit at 0.08 inches. At no time did the 


deflection reading return to the chosen 
zero point. The data reported herein are 
those of the movement of the ninth floor 
relative to a point 120 feet below, the 
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lateral movement of which is doubtless 
small and may be neglected. 

In effect, the building has two distinct 
movements. It deflects from the vertical 
and it vibrates with a definite period, 
similar to the prongs of a tuning fork 
when struck. A steady wind causes de- 
flections only, whereas a gusty wind will 
set up vibrations with amplitudes that 
vary with the strength and character of 
the storm. 

To study the vibration of the building 
a transit instrument was set up in the 
pendulum shaft and sighted on a target 
on the top of the shaft. Up to the present 
the amplitude of vibration has been too 
small to be detected. As the pendulum 
did not record movements of its support 
that are not of greater duration than the 
period of its swing, which is 11.92 sec- 
onds, the building vibrations are not re- 
corded by the bob, but their mean posi- 
tion is determined by it. 

Observation of the air currents around 


the structure were made on April 25, at 
3 o’clock in the afternoon during a seven 
mile per hour wind blowing from the 
east. A rubber balloon was tied to a 
long thread and sent out from several pre- 
determined points near corners on the 
4th, 8th, and 14th stories. These data 
show that the flow of air is greatly dis- 
turbed by the building in a manner far 
from simple. 

The following conclusions directly con- 
firm those of the study made on the Em- 
pire State Building: 


(1) *The distribution of the wind pres- 
sure on a tall building is very compli- 
cated and irregular; the air currents 
having broken up by the surrounding 
structures and by the building itself. 


(2) The action of the building under 
horizontal loads is plastic as well as elas- 
tic, with the result that strains and de- 
flections are not proportional to the 
forces that produce them. 





THE USE OF THE PERIODOGRAM IN ESTABLISHING THE 
REALITY OF HIDDEN OR SUSPECTED PERIODICITIES 


THEODORE G. PHILLIPS, Wright Junior College, Chicago, Illinois 


The investigation for the evidence as 
to the realtity of a periodic change in the 
intensity of cosmic rays with respect to 
sidereal time is rendered unusually diffi- 
cult for three reasons: 

1. The sidereal diurnal period is only 
four minutes shorter than the solar 
diurnal period, or about 1 /365 of a 
solar day. 

2. In addition to this very minute dif- 
ference in the periods, the sidereal 
variation is much smaller than the 
solar variation. 

3. The amount of data available is lim- 
ited and does not extend in most 
projects beyond three or four years. 

The appearance of a sidereal variation 
upon mathematical analysis by no means 
establishes the reality of the sidereal 
variation, for with a seasonal change 
there is introduced by formal analysis a 
variation which is spurious at a fre- 
quency corresponding to the sidereal day. 
The appearance of such a spurious fre- 
quency further complicates the problem. 


If a function f(t) be periodic with two 
periods T, and T,, and if 


2 NT 

a= — jf. f(t) cos kt dt 
Tn 
2 wr 

b= — f, f(t) sin kt dt 
Tn 

(ond = a? oe b? 


then c? which depends upon T, the period, 
n, the number of observations, and the 
amplitudes of the variations will have 
values other than zero at points corres- 
ponding to the two periods. The values 
between the points corresponding to the 
periods T, and T, may not be zero if the 
amplitudes are large and the observations 
few in number. The curve obtained by 
plotting c? against T is called the periodo- 
gram. Beyond the abscissae T, and T, 
the value of c’ falls off to zero very 
rapidly. 

The ordinates of the two peaks (at T; 
and T,) will depend upon the amplitudes 
of the two variations. Here again, be- 
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of the finite limits of the Fourier Inte- 
grals spurious periodicities are intro- 
duced giving secondary maxima on either 
side of the principal maximum, but these 
spurious maxima may be distinguished 
from the real (fig.1la), since with increas- 
ing data these secondary peaks move to- 
ward their respective principal maxima 
(fig.1b and 1c). 

The calculation of amplitudes corre- 
sponding to different periods may be per- 
formed by Fourier analysis; however, 
this involves a great deal of work, and 
since in the present problem the periods 
are close, this work can be greatly simpli- 
fied as outlined in the following para- 
graphs. 

The Fourier analysis was made for the 
period of one solar day with groups of 
days averaging about fifteen. Amplitudes 





corresponding to periods slightly smaller 
and larger than one solar day and extend- 
ing beyond the period equal to the side- 
real day may be obtained by reference to 
the harmonic dial. If the maximum 
value of the function 


2mt 2mt 





f(t) = acos + b sin 





2mt 





= ec sin + ©@ 


where T is one solar day 


is represented on a twenty-four hour 
clock dial by a vector, its length will in- 
dicate the amplitude, and its direction, 
the time of maximum. On the other hand, 
if this be done for a cloud of days, then 
the vector will indicate the mean ampli- 
tude and the mean time of maximum. 

If the function f(t) is to be investi- 
gated for a period other than that repre- 
sented on the face of the harmonic dial, 
then the vector for each partial cloud 
must be rotated through an angle depend- 
ing upon the trial period. The amplitude 
ce corresponding to the trial period T’ is 
given by the following set of equations: 


: ie 
a’ ie (Dyp—Dm 3) | 2m COS am — 
n, m=1 b,, SID am 
a 6 
“eae in a 
bo =—z . (n,—a,,)} Se 
n, m=1 E 1 Gm 


nTt—twvT’ 


I 





a = (Qa + Dm) 


where n, is the total number of days 
analyzed (n,—Dm-.) is the weighing 
factor and is the number of days in the 
mth group, and s is the number of 
groups. 

After a suitable number of trial periods 
have been calculated the amplitudes may 
be plotted against the corresponding pe- 
riods and this resultant curve is the 
periodogram. If peaks appear at the sus- 
pected periods these may be investigated 
as regards their reality by statistical 
tests of significance. Since the seasonal 
variation introduced a spurious sidereal 
period, this variation may be subtracted 
from the periodogram and the remaining 
portion may be investigated for a true 
sidereal variation. 

One advantage of this method of anal- 
ysis is that it is possible to obtain the 
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background of amplitudes. If the back- 
ground of amplitudes about the periods 
investigated is of the same magnitude 
as that of the sidereal periodicity, no 
valid conclusion can very well be drawn 
concerning the realtiy of the suspected 


period. In the investigation which is be- 
ing carried on in connection with the 
variation in intensity of cosmic rays, it is 
hoped that this method will give some 
positive evidence about the _ sidereal 
period. 





THE EMISSION SPECTRA OF PLANETARY NEBULAE 


THORNTON PaGE, University of Chicago, Chicago, Illinois 


ABSTRACT 


Photometrically standardized and cali- 
brated wide slit spectra of 48 planetary 
nebulae have been obtained with the 
quartz Cassegrain spectrograph attached 
to the 82-inch reflecting telescope at the 
McDonald Observatory in Texas. The 
spectra on panchromatic emulsions 
are in good definition from , 6563 to 
3133. Accurate intensities of the emis- 
sion lines of H, He I, HeII, [O III), (O11), 
0 Ill, [Ne III),{Ne V], and of the con- 
tinuous emission will be reduced from 
the spectra. From a preliminary examin- 
ation of the material it has been possible 
to classify the nebulae of normal surface 
brightness (about 7 mag. per square min- 
ute of arc) according to the excitation 
shown by their spectra. High-excitation 
spectra show strong He II, stronger [O 
III] than [O II], and relatively strong 
continuous emission. There is a continu- 
ous sequence down to the low excitation 
spectra showing no He II, no con- 
tinuous emission, and stronger [0 JJ] 
than [O III]. This is a temperature se- 
quence involving both the temperature of 
the nuclear star and the electron tempera- 
ture in the nebula. The low-surface- 
brightness nebulae (about 11 mag. per 
square minute of arc) have strong [O IT] 
as well as strong He II and do not fit 
into the sequence. Fig. 1 shows this 
effect on a 20-fold enlargement of one 
hour’s exposure of the spectrum of NGC 
6853 (the “Dumbell Nebulae”, 12.7 mag. 
per square minute of arc) compared with 
a 4 minute exposure of the spectrum of 
NGC 6818 (7.3 mag. per square minute of 
arc). Pecularities are noted in the mono- 
chromatic images of several nebulae: in 
particular the \3727 image of [O II ]often 
shows quite a different structure of the 
nebula from the other line images. 
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A SATISFACTORY METHOD FOR MEASURING THE 
COEFFICIENT OF FRICTION BETWEEN RUBBER 
TIRES AND ROAD MATERIALS 


V. F. Swarm, Bradley Polytechnic Institute, Peoria, Illinois 


A short time ago Professor R. F. Paton 
of the University of Illinois presented a 
paper before the Illinois State Physics 
Teachers Association on a proposed “Fric- 
tion Spool Experiment”. It was sug- 
gested in that discussion that the friction 
spool could be used to determine the co- 
efficient of friction between the spool and 
any material placed under the spool. It 
occurred to the writer immediately that 
the friction spool could be so constructed 
that one could determine the coefficient 
of friction between rubber tires and road 
materials. Two rubber tires, eight inches 
in diameter, were purchased and a wood- 
en cylinder was turned to such a diam- 
eter that the tires would fit securely over 
the ends. One end of a strip of canvas 
was tacked to the cylinder, while the 
other end was attached to a wire hook so 
that a cord could pass from the hook 
under a pulley and be attached to a pair 
of spring scales hanging in a vertical 
position, as shown in fig. la. It was 
shown in Professor Paton’s paper that 
there was an angle 6 at which the ten- 
sion T in the canvas could be applied so 
that the spool would slide on the surface 
under it instead of rolling. It was shown 
further that the condition of equilibrium 
when the spool was sliding required that 
the force of friction between the spool 


Ww 8 
1740 61.3° 
2703 61.4° 
3837 61.1° 
Glass 4906 61.1° 
5945 61.2° 
6998 61.3° 
1740 61.3° 
2793 61.3° 
3837 61.1° 
Wood 4906 61.3° 
5945 61.5° 
6998 61.4° 
1740 61.3° 
2793 61.6° 
3837 61.6° 
Concrete 4906 61.2° 
5945 61.5° 
6998 61.0° 














and the surface under it, the weight 
of the spool W, and the tension T in the 
canvas must intersect in a point when 
represented by vectors, as shown in fig. 
1b. It is easily seen from the diagram 
that the force of friction f is given by 
T cos @, while the pressure of the spool 
on the road is given by W—T sin 0. 
Therefore, the coefficient of friction yu is 
given by 
T Cos 6 
= (1) 
W — T Sino 
Since it was desirable in this experi- 
ment to apply different weights to the 
road surface, a round hole was made 
along the axis of the wooden cylinder so 
that cylindrical weights of approximately 





z T Cos © T Sin 6 “ 
1350 648 1183 1.163 
2150 1029 1888 1.138 
3100 1508 2717 1.343 
3900 1895 3420 1.277 
4900 2369 4295 1.435 
5750 2780 5041 1.420 
1350 648 1183 1.163 
2150 1033 1889 1.142 
3000 1448 2627 1.195 
3800 1827 3330 1,159 
4600 2190 4040 1.151 
5400 2586 4742 1.148 
1250 601 1097 934 
2000 950 1757 916 
2750 1308 2416 -920 
3500 1684 3067 915 
4250 2027 3734 915 
5000 2423 4373 923 
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1000 grams each could be placed along 
the axis of the spool. 

It was also found desirable to place the 
road materials on a small truck provided 
with rollers so the road could be moved 
in a horizontal direction under the spool, 
as shown in fig. la. 


Since the tires may flatten as the load 
is increased, the angle © may not be 
quite the same for all loads and should 
therefore be measured in each case. 

The readings and calculations for a few 
road materials are shown in the following 
table. 





THE PRODUCTION OF GEIGER-MULLER TUBES 


Francis R. SHONKA 
De Paul University and W. M. Welch Manufacturing Co., Chicago, Illinois 


Geiger-Muller counting tubes are used 
so extensively today that everyone is 
more or less familiar with them. How- 
ever, there have been so many differing 
points of view on the actual operation of 
a counter, that we will discuss the dis- 
charge mechanism with a view to deter- 
mine what comprises a good counting 
tube. The bibliography for the various 
ideas presented here would be too lengthy 
and hence no reference will be given. 

Although the counting and recording 
circuits and even scaling circuits, where 
high speed counting is employed, have 
been developed to an entirely satisfactory 
degree, there still remains much to be de- 
sired in improving the technique for the 
production of tubes with good character- 
istics, and it is just this very difficulty 
that has limited their use. 

The things that are definitely known 
about the action of a Geiger-Muller tube 
are that when a ray produces at least one 
pair of ions inside of the tube, a dis- 
charge will take place, and this discharge 
must in turn be stopped. The time of 
this discharge, together with the time 
required for the tube to recover suffi- 
ciently to register the next ray should be 
as short as possible. 

Let us try to analyze the action taking 
place while a count is being recorded. It 
is only necessary for the ray traversing 
the tube to produce a single ion pair. The 
electron from this first ionization comes 
into the region of the central wire, which 
is at a high potential with respect to the 
cylinder. When the electron reaches this 
strong field it produces both positive and 
hegative ions by collision with the atoms 
of the gas. The electrons are quite cer- 
tainly the chief ionizing agent since the 
field in the neighborhood of the central 
Wire is sufficient for the electrons to ion- 


ize by collision. Due to the fact that the 
mobility of the positive ions is much less 
than that of the electrons, the positive 
ions do not play an important part in 
this process. Each new electron will in 
turn create new ion pairs, so that the 
region of the central wire will become 
heavily ionized. 

If this heavy ionization actually takes 
place, it must be accompanied by the pro- 
duction of photons. This can be visually 
confirmed by the fact that if one observes 
the tube in a darkened room while it is 
operating, a flash of light covering the 
central wire will be seen every time a dis- 
charge takes place. These photons at the 
center of the counter may again eject 
photoelectrons by absorption in the gas 
or the cathode of the tube. Many have 
considered these ejected electrons to play 
a most important part in the character- 
istics of a counter, and so they have at- 
tempted to reduce the effect of these 
ejected electrons by increasing the work 
function of the cathode or by coating the 
cathode with a high resistance material. 

It seems reasonable that since the posi- 
tive ions are less mobile than the elec- 
trons, there will be an accumulation of 
positive charges around the central wire. 
This will reduce the potential gradient 
until no further ionization even by the 
electrons can take place. The positive 
cloud then moves outwardly and reaches 
the cathode in about 10“ seconds. On 
reaching the cathode these positive ions 
may or may not produce new electrons. 

It seems that the so-called “self quench- 
ing” counters are those in which no new 
electrons are produced. Tubes in this 
class are those containing vapors, and 
tubes that have special coatings on the 
cathode. If, on the other hand, new elec- 
trons were produced at the surface of the 
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cylinder, the entire action might be re- 
peated if the potential difference across 
the electrodes was at least equal to the 
threshhold voltage. The voltage across 
the tube will have been reduced by the 
migration of these ions by an amount de- 
pending on the quantity of charge trans- 
ferred; the constants of the circuit; and 
on the amount of charge that leaked back 
to the electrode through the external high 
resistance. If the initial surge of ions 
reduces the voltage across the tube suffi- 
ciently then the discharge will be stopped 
even though new electrons be formed at 
the cathode. On the other hand, if this 
surge does not reduce the potential 
difference sufficiently a new surge 
of ions takes place, and each surge would 
reduce the potential difference and the 
action finally ceases when the difference 
of potential is reduced to a value below 
threshold voltage. 

There have been many other ideas put 
forth concerning the discharge mech- 
anism of a counter, but the ones which 
have been presented above seem to be the 
most reasonable ones. They also have 
been verified by experience to a large ex- 
tent. 

Thus to build a fast counter it is ob- 
vious that the whole discharge process 
should be completed with a single surge 
of the charges inside of the tube. This 
will be the case provided no electrons 
will be produced at the cathode when the 
positive ions strike the wall, as is the 
case in the “self quenching” type of 
counter. In this type of tube the vapor 
filled ones seem to be the most successful. 
The methods of filling these tubes are 
not critical, and it is possible to obtain 
practically one hundred per cent produc- 
tion efficiency. A good technique consists 
of evacuating the tubes with a force 
pump; filling them to a pressure of about 
a centimeter of mercury with some or. 
ganic vapor, such as ethyl alcohol; add- 
ing about nine centimeters of mercury 
pressure of argon; and finally sealing 
them off. The way in which these vapor 
tubes are generally used is by connecting 
them to the source of potential difference 
through a resistance of the order of 10° 
ohms. 

Another type of fast counter is one in 
which the potential difference would be 
reduced to a value below threshold volt- 





age by a single surge of the ions. The 
technique that we have employed for a 
tube of this kind involves a thorough 
cleansing before assembling the parts of 
the tube. After the parts are assembled 
the tube is filled with cleaning solution 
for several hours, and then washed with 
distilled water. The tube is then pumped 
on a high vacuum system from ten to 
twenty hours at a temperature of over 
500°C. This removes impurities especi- 
ally from the surface of the glass. The 
copper cylinder is then oxidized and the 
oxide coat is removed with a dilute solu- 
tion of nitric acid, in order to get the 
copper cylinder in as clean a condition as 
possible. After a thorough flushing with 
distilled water, the tubes are again put on 
the pumping system and baked for sever- 
al hours. Commercial hydrogen is then 
admitted while the tube remains at the 
high temperature. This reduction is con- 
tinued for about two hours, after which 
time they are evacuated and refilled with 
hydrogen through a palladium valve to 
about ten centimeters of mercury pres- 
sure. With this technique we have ob- 
tained tubes with plateaus of over a 
thousand volts having very good all- 
around performance. Due to the long 
plateau no stabilized source of high volt- 
age is necessary. These tubes can be used 
at a very high over voltage, thus increas- 
ing the speed with which the ions 
multiply. 


The tube is generally used with a 
Neher-Harper or a Neher-Pickering am- 
plifying circuit which reduces the time 
required for recovery. We have found 
these hydrogen tubes to stay constant 
over indefinitely long periods of time. 
Some of our tubes, which were built five 
years ago, still function as well as when 
they were made. I do not know of any 
vapor tubes than can quite measure up to 
this performance. The chief drawback to 
this tedious technique for the hydrogen 
tubes is that the production mortality is 
very high. 


There are other techniques used by in- 
vestigators for building Geiger-Muller 
tubes, but in many cases these magic 
formulae seem to work only for the per- 
sons who devised them. The two tech- 
niques which have been considered in this 
paper are probably the most widely used. 
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THE ANALYSIS OF AN A. C. CIRCUIT CONTAINING 
R, L, and C 
FRANK L. VERWIEBE 
Eastern Illinois State Teachers College, Charleston, Illinois 


The usage of the term, power factor, 
referring to alternating currents, is be- 
coming increasingly common. Not only 
are motors recommended in terms of 
their power factor, but now the advertise- 
ments of certain brands of the newly 
popularized fluorescent lamps also refer 
to their high power factor. It was this 
latter fact that suggested a demonstra- 
tion experiment in the beginning course 
of physics to make the analysis of an 
A. C. circuit as simple and clear as pos- 
sible. 

Fig. 1 shows the circuit used. The 
values of R, L, and C are so chosen that 
the current may be made exactly 1 am- 
pere by adjusting R, a slide wire rheo- 
stat. This greatly reduces the later com- 
putations. The voltage leads of the watt- 
meter and the voltmeter leads are left 
free to be placed across the different 
parts of the circuit, as well as across the 
circuit as a whole. By joining these leads 
in pairs the manipulation of the experi- 
ment is facilitated. 

Typical data are indicated below the 
figure. They include the power in watts, 
the voltage, and the current for R, L, C, 
and the entire circuit. 

Fig. 2 shows the computations per- 
formed on the data. From the relation 
W = VI cos 6=VI x power factor, 
cos @, the power factor, is first calculated. 
then sin 96 is found from trigonometric 
tables. The values of V cos 6 and Vsin 6 
are next computed. The vector diagram 
shown in the lower half of the figure is 
drawn to scale. A check of the work is 
provided by summing the appropriate 
vectors to find the resultant voltage. Its 
magnitude and phase angle in respect of 
the current should match within the 
limits of experimental error the values 
observed and computed for the circuit 

taken as a whole. 
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If desired these data can also be used 
to analyze the impedence of L and C into 
reactance and resistance, so that the in- 
ductance and capacitance and power 
factors can be computed. 


This experiment is followed by an in- 
dividual experiment performed by each 
student, in which he measures the D. C. 
resistance and the A. C. impedance of an 
inductance coil. From these he computes 
the reactance, inductance and power fac- 
tor of the coil. 
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PAPERS IN SOCIAL SCIENCE 


Extract From THE REporT OF THE SECTION CHAIRMAN 


The first meeting of this new section in the Illinois Academy of Science 
was attended by about 20 and had four papers on this initial program. Two 
of these are herewith published. The others were: 


Laturop, H. O., Illinois State Normal University, Normal—The end of 
our public domain. 


WirtaH, Louis, University of Chicago, Chicago—Sociological research in 
Illinois. 


It was decided to continue this section in future, and C. W. Schroeder, 
Bradley Polytechnic Institute, Peoria, consented to act as chairman for the 
1942 meeting. 


(Signed) D. E. Linpstrom, Chairman 
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THE SOCIOLOGIST IN A TIME OF CRISIS 


ARTHUR J. Topp 


Northwestern University, Evanston, Illinois 


My feelings in undertaking a discus- 
sion of this topic are, to say the least, 
highly mixed. On the one hand I feel 
like the traditional fool venturing to 
rush in where angels fear to tread. On 
the other hand I feel like the pedestrian 
starting on a supposed voyage of dis- 
covery along a dusty highway, beaten 
down by centuries of earlier travelers. 
However, as good soldiers and good mem- 
bers of our craft, I am glad to join with 
my fellow social scientists in this dis- 
cussion. 

In the first place let us state that we 
are not unaware that other social scien- 
tists are studying this same problem. 
Only a week ago on this campus repre- 
sentatives of the National Social Science 
Research Council and of local councils 
from Massachusetts to California spent 
two whole days threshing out this very 
question. You will all remember Profes- 
sor Maclver’s presidential address to the 
American Sociological Society last De- 
cember. The whole tenor of his talk 
was on this very subject of what the 
sociologist should do at such a critical 
period in our history. He referred to 
a committee of the American Sociologi- 
cal Society which was studying the 
problems of the nation in process of 
arming itself against crisis. You will 
recall also the report of the Sub-commit- 
tee of the Executive Committee on Par- 
ticipation of Sociologists in the National 
Emergency Program, dated December 29, 
1940. As a result of that report appar- 
ently a policy was adopted by the Ex- 
ecutive Committee establishing a regular 
standing committee of the Society to 
work with the United States Civil Serv- 
ice Commission. Also, undoubtedly as a 
result of these same considerations, a 
committee drafted a very intensive ques- 
tionnaire which was sent to all members 
of the Sociological Society asking them 
to list their qualifications and specific 
technical abilities which might be avail- 
able to government in this particular 
emergency. Many of us filled out those 
questionnaires and returned them. The 


American Economic Association followed 
suit with somewhat similar question- 
naires. 

Partly as a measure of self defense 
the universities and colleges have be- 
come interested almost to the point of 
alarm over this attempt to mobolize ac- 
tively sociological and other scientific 
talent for governmental service. And 
with good reason, because while, of 
course, it is understood that many soci- 
ologists have administrative and other 
abilities which could serve governmental 
purposes extremely well, nevertheless 
there are certain other functions of the 
sociologist which must be maintained on 
the college and university level if we 
are not to be caught in the swirl of 
emotional disturbance and forget the 
duty right at hand in the thrill of a con- 
tingent heroism on a distant horizon. 

That brings me specifically to the 
point that I think the first duty of the 
sociologist. That is to maintain, right 
where he is, the spirit of sociological 
science above the clamant pressure of 
propaganda and prejudiced testimony. 
He must sustain the claims of disci- 
plined intelligence in the field of social 
problems as against emotionalism. He 
must continue to nurture and to teach 
the necessity and power of convictions 
based on evidence. 

It is essential that the teaching func- 
tion be maintained during this period of 
crisis as an insurance against heat with- 
out light and the destructive passions 
which would engulf education and the 
nation itself unless properly safeguarded. 
Youth at our colleges and universities is 
a very tangible reality and demand, not 
a contingent but a very present realistic 
claim for public service. It is essential 
that students be taught now more than 
ever before the basic ideas of how to live 
with their fellow men. Remember Pro- 
fessor Maclver’s challenge in his ad- 
dress last December— 

“Men seem to learn every other lesson 
more quickly than how to deal intelli- 
gently, on the larger political scale, with 
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their fellowmen. I am not dreaming of 
any utopia in which conflict will cease. 
I am merely suggesting that much of the 
actual conflict is misguided and ruinous, 
because of a lack of foresight, a lack of 
understanding, such as men do not 
display in the conduct of their other af- 
fairs. And the understanding that is 
most lacking is the understanding that 
sociology should and can provide. For 
it is the understanding of social rela- 
tionships, of the social values men cher- 
ish, of their tribal gods and idols, of 
their responses to controls, of their long- 
run reactions to indoctrinations, of the 
tides of opinion, of the constancy and 
fickleness of mass emotions, of the con- 
sequences to the ingroup of treating the 
outgroup thus and thus.” 

As a part of our academic responsi- 
bility and our citizen’s duty it is essential 
that sociologists work for the mainte 
nance of freedom of the mind, freedom 
of speech, academic freedom, and all 
other civic and constitutional rights. But 
in this struggle for maintaining these 
rights we must be intelligent, tolerant, 
discreet, and not provocative. We must 
be realistic as sociologists in recognizing 
the presence of the mores, of mental sets 
and traditional attitudes. We must avoid 
gratuitous offense and opinionated self 
righteousness if we are going to serve 
these rights and exemplify the spirit of 
tolerance. We have to remember both 
in our teaching and in our practice that 
rights are not absolutes, but relative 
privileges sanctified by experience. I 
have known intolerant defenders of toler- 
ance just as I have known extremely 
militant pacificists. There is a big dif- 
ference between the sincere and effective 
defender of constitutional rights and 
liberties and the mere fuss-budget. 

Most departments of sociology are 
being urged to emphasize the training 
of students in practical administration, 
whether directly themselves or through 
cooperation with departments of political 
science and economics. These courses 
may be coordinated even in the absence 
of a definite social service or social work 
division. Short courses also may be 
organized particularly in recreation. Dur- 
ing the first World War I operated two 
successive summers what we called 
Social Service Plattsburgs which included 
a series of two week intensive units of 
work in certain fields of social welfare 


effort. I also conducted special courses 
in Red Cross home service administra- 
tion. To a certain extent the multiplica- 
tion of social workers and the profession- 
alization of social work in the last twen- 
ty years has perhaps rendered obsolete 
some of this type of educational work; 
but undoubtedly if the war crisis is 
actually precipitated and continues for 
several years as some observers predict, 
the strain on our various professional 
services will be greater than the present 
ranks of professional workers can sus- 
tain. It will be necessary to give inten- 
sive training of a sort to people who do 
not expect to be professionals, but who 
would, with the return of normal times, 
return to their voluntary status capacity. 

From the standpoint of research, soci- 
ologists should be in a position to derive 
much worthwhile data to carry forward 
the practical significance of their science. 
For instance it should be possible to 
study more effectively than ever the ties 
that bind, the factors that make for social 
solidarity on the one hand, and on the 
other, to grade and rate more accurately 
the forces that produce tension and 
breakdown; to study the sources and 
workings of conflict as projected into 
army and navy, defense production, and 
the thought processes in local communi- 
ties. There has been an occasional study 
of the effects of war upon the family, but 
not to the same degree that we have ob- 
served in the case of the depression. 
This is only one simple example of a 
field of research which, so to speak, is 
hot and will continue hot for the dura- 
tion of this emergency. But I should also 
urge continuation of what might be 
called normal or non-emergency-inspired 
research, on condition of course that it 
is really significant and knows where it 
is going. This is no time for academic 
“busy work.” 

It goes without saying that sociologists, 
like other scientists and good citizens, 
stand ready to put their talents at the 
service of their communities as they have 
done in preceding emergencies. In order 
to offset the centrifugal tendencies of the 
national questionnaire to which I have 
already referred, local community au- 
thorities and the local colleges and uni- 
versities need not only to mobilize the 
technical abilities of their faculties, but 
also see to it that defense and preventive 
projects right in their own areas are de- 
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veloped and made available for the 
sociologists of their faculties. There is 
much to be done in the field of recreation, 
in visitation of the families of draftees, 
in supplying the places of technical ex- 
perts called away, in combating juvenile 
delinquency, in vocational guidance, in 
public health work, in the campaign 
against venereal diseases. 

Finally, this is the time of all times 
when sociologists ought to be consider- 
ing realistically the terms and conditions 
of a rational peace adjustment and the 
repairing of breaches in the social text- 
ure caused by war. Last week one night 
after going to bed I was suddenly 
stricken almost with panic over what I 
should do if by some chance called upon 
to work out a new pattern of living to- 
gether in Europe and Africa or Asia. 
And I suspect that many of my socio- 
logical brethren would be in no less of a 
cold sweat than I was at the possible 
prospect. Yet they should prepare to 
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figure at the council tables along with 
historians, politicians, economists, and 
military leaders. Their understanding of 
population problems, ethnic issues, social 
psychology and techniques of social con- 
trol, the objective measurements and 
conditions for social progress, and the 
whole historical cycle of efforts at social 
improvement should entitle them to a 
hearing not only during the progress of 
hostilities but after overt hostilities are 
ended. 


In short, the sociologists have the op- 
portunity and the obligation to continue 
on an improved scale their teaching, their 
research, their participation in communi- 
ty betterment, and to make their science 
an effective element in what I may ven- 
ture to hope will be a somewhat more 
rational arrangement of the world’s con- 
tours and organization after this night- 
mare of world chaos and depression has 
become a thing of the past. 





REPORT ON RESEARCH PROJECTS ‘‘IN PROCESS”’ IN 
SOCIOLOGY AND RURAL SOCIOLOGY AT THE 
UNIVERSITY OF ILLINOIS, 1941 


D. E. LInpsTrom 
University of Illinois, Urbana, Illinois 


Ahrens, E. A.: 
Study on Social Categories 
(The problem is to work out the 
basic social categories for the whole 
realm of human nature. The pur- 
pose is to achieve integration of parts 
now completely severed from one an- 
other and to lay the ground in terms 
of which social phenomena may be 
made intelligible.) . 
Albig, William: 
—The Content of Radio Programs, 
1925-1940 
(A comparative study of various 


American and _ English _ stations. 
1925-35 published. 1935-40 ready to 
publish. ) 


—A Study of the Trends in Cartoon 
Symbols, 1900-35. 

—tTrends in Content and Symbols of 
the Newspaper Comic Strips, 1900- 
35. 

—Science as Reported in the News- 
papers, 1910-35. 

Fox, Sherwood D.: 
Charisma and the Social Structure 


Hiller, E. T.: 


—Mid-Western Regional Organization 
as Disclosed by the Patterning of 
the Population (The manuscript is 
in process and is nearing comple- 
tion.) 


—Community Studies: 


1. Process of Moving a Small Town 
(This study is in abeyance for 
the present. It is to be resumed 
at a later date.) 

2. Value Orientation of a Rural Cul- 
ture-Community (The manuscript 
is being prepared.) 

3. Social Organization of a Pietistic 
Group (The manuscript is being 
prepared.) 

4. Reorganization of a Community 
After the Closing of the Mining 
Industry (The research is a thesis 
subject of a graduate student.) 

5. The Value Orientation in an Agri- 
cultural Village (The research is 
being performed by a graduate 
student.) 
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Hulett, J. E., Jr.: 

The Comparison of Widely Separated 
Rural Groups by Means of an Atti- 
tude Scale Constructed by the Crite- 
rion of Internal Consistency. 

Janes, Robt. W.: 

A Study of the Moving of Shawnee- 
town, Illinois: 

An analysis of the sociological as- 
pects of an attempt to move a town 
to a new site to escape dangers of 
flood. 

Klein, E. E.: 

—Community Resources for Social Wel- 
fare in Champaign County (A hand- 
book especially for Social Adminis- 
tration students) 

—Objective Examinations 
Welfare 

Mulvaney, Rev. B. G.: 

Correlation Between “Catholicity” and 
Birth Rates in Germany and the 
United States (Doctora! Dissertation) 

Powell, Martha: 

The School as an Organization of Social 

Roles (Master’s Thesis) 
Price, Maurice T.: 

Cultural Hybridism and Revolutionary 
Attitudes in the Modern Chinese 
Student Prior to 1925 

Timmons, B. F.: : 

—Laws of the 48 States Directed to- 
ward Definite Economic Encourage- 
ment of Family Life (conducted by 
NYA students) 

—Comparative Cost of Living for 
Young People Before Marriage and 
After Marriage (NYA students) 

—Intra-family Relationships in Fami- 
lies of Step-parents (Conducted as a 
project among regular students of 
Sociology 5) 


in Public 


Tylor, W. Russell: 

A thorough study of the nature and 
content of courses in Sociology, as 
being offered by the high school 
throughout the state, as these are 
developing in juxtaposition to other 
social science courses, exclusive of 
history, and as they may evidence 
certain social adjustments in the 
curricula and personnel of the insti- 
tutions in question. 

Williams, Helen: 
Introvert Autobiographies in Different 
Cultures 
(Graduate student, Sociology) 
Yeatman, T. P.: 
The Youth Group of the Southeast 
Region of the United States: 
An Analysis of Population Trends in 
Relation to the Youth Problem. 
Znaniecki, Florian: 
The Social Role of the University 
Student 
(Collective project: 
a. Graduate Students: Brenton 
Brewer, Sherwood D. Fox, Bar- 
bara Klose, Ellen Nudd, Irene 


Pierson, Martha J. Powell, 
Lore U. Rasmussen. 
b. 34 undergraduate students — 


(Juniors and seniors.) 
In Rurat SocroLoey 


Lindstrom, D. E.: 

—Indices of Human Welfare 

—Human Element in Land Use 

—lInventory of Rural Organizations 

—How Rural Organizations Function 

—Participation of Farm People in 
Rural Organizations 

—Opportunities for Rural Youth 

—Community and Neighboring Map- 
ping 
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WORKERS’ EDUCATION AND ITS IMPLICATIONS FOR 
VOCATIONAL GUIDANCE 


Rosert L. Cooke 


Wheaton College, Wheaton, Illinois 


Not all of those engaged in public- 
school education are well informed as to 
a very significant movement in recent 
educational history, that known as 
Workers’ Education. By this we do not 
mean vocational or industrial education 
as such; rather it is an attempt on the 
part of the labor group in this country, 
particularly the labor unions, to develop 
a program whereby the workers them- 
selves and their children may be educated 
in a way planned by, dominated by, and 
sympathetic to labor, and distinctly apart 
from the public-school educational pro- 
gram. 

As a brief historical sketch, we may 
say that the movement began in this 
country soon after the turn of the cen- 
tury. In 1911, the National Women’s 
Trade Union League initiated a labor 
school in Chicago, and in 1915 the Inter- 
national Ladies’ Garment Workers’ Union 
launched the first of their Unity Centers, 
of which there are now about fifteen in 
as many cities, with upwards of six hun- 
dred study groups and with about 30,000 
attending. 

In the early 1920’s the American Feder- 
ation of Labor adopted the movement, 
and brought it into their own organiza- 
tion by means of a “Workers’ Education 
Bureau.” Under this impetus, a develop- 
ment took place which has now resulted 
in more than fifty city labor colleges, 
many summer schools, as well as some 
elementary and high schools. Some of 
the newer labor unions are also seeing 
the possibilities in Workers’ Education, 
and have established further schools on 
their own account. A recent large in- 
crease has taken place under the unify- 
ing program of the Affiliated Schools for 
Workers, which group has at least eighty 
local committees conducting schools 
throughout the country. It should be 
noted that though the curriculum and the 
offerings in the workers’ classes are 
frequently similar in title to those in our 
public schools, they are usually vastly 
different in teaching method and in point 
of view. 


It is true that public education has 
made some efforts at rapport with the 
workers, with a considerable measure of 
success in some instances. Witness the 
School for Workers in Industry at the 
University of Wisconsin and their Sum- 
mer School for office workers, the Bryn 
Mawr Summer School, and the Pacific 
Coast School for Workers in connection 
with the University of California. Also 
the Federal Government through its 
Emergency Education Program, and us- 
ing unemployed teachers, has at times 
had as many as 40,000 office, store and 
factory workers in classes. 

But the workers themselves claim not 
to be satisfied with this help, nor to feel 
that these programs, good as they may 
be, meet the basic need. As one of their 
leaders said: “Labor is undertaking to 
educate itself, thus refusing to have edu- 
eation handed out to it by those who 
neither understand nor sympathize with 
its problems and points of view.” 

Although the labor forces, at the time 
of the agitation which resulted in the 
passage of the Smith-Hughes Act and the 
development of the vocational program 
in our secondary schools, took a promi- 
nent part in that effort which resulted in 
the establishment of industrial educa- 
tion in high schools, they have since be- 
come cold and in many cases antagonistic 
to it. The reason for this antagonism 
and in fact for their insistence upon the 
maintenance of a separate and complete 
workers’ educational program has been 
explained by one of themselves thus: 

“It is unreasonable...... to expect the 
teachers in the lower and higher schools 
to understand or admit the special edu- 
cational needs of the workers as a class. 
The nearest approach to such an under- 
standing has occurred in vocational edu- 
cation with well recognized results. 


Here the recognition of the. special edu- 
cational needs of the. workers as an eco- 
nomic class is so complete that the curri- 
culum fails to consider the possibility of 
a removal from that class....The public 
schools fail to grasp the idea that true 
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education means, first, training to earn 
a living; second, preparation for promo- 
tion; finally, and more important, in- 
struction in the possibilities and methods 
of participation of all workers in the 
management and forming of financial 
policies of the industries in which they 
work.” In brief, the worker, in his own 
words wants “not education for culture, 
but education for control”. 

A very significant development of re- 
cent years has been the rather general 
introduction of communistic elements 
into the management and the curriculum 
of a large number of the schools. Many 
of these schools have recently been dis- 
owned by the more conservative labor 
leaders, which has tended rather to ex- 
aggerate than to reduce this trend, in the 
thinking of many concerned. 

Now what are we to say of the signifi- 
eance cof such a movement as this, even 
granted that it has not been as success- 
ful and as widespread as its early pro- 
moters had hoped? Surely it is impor- 
tant for the educational and vocational 
counselor to see the implications of a 
development like this. Is not such a 
counselor remiss who undertakes to at- 
tempt to make vocational and educational 
adjustments for the children of the labor- 
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ing group, and who is at the same time 
ignorant of the fact that the parents of 
these children may be all the while im- 
buing them with an outright if not con- 
temptuous disapproval of the whole 
present public-school system? For we 
must face the fact that a considerable 
number of those who comprise in total 
more than half the school’s population— 
the industrial workers of America—sub- 
scribe to an educational philosophy dia- 
metrically opposed to the thinking of the 
educators now in control of our public 
schools. Would it not be wise gor those 
of us interested in vocational guidance, 
in fact for all of us in education, to take 
into account this undercurrent of disap- 
proval, this striving toward something 
not satisfied by our present school sys- 
tem? Is it not time, in fact, to take stock 
of our complete educational system and 
its philosophical bases, to learn whether 
the present program is one which we can 
with perfect confidence claim to be a sat- 
isfactory offering for all the children of 
all the people? If this be done, and it 
has been done,* we may perchance find 
valid criticism of the basic philosophy of 
present-day education much more far- 
reaching than that given by Workers’ 
Education. 


* See Robert L. Cooke, Philosophy, Education and Certainty. Zondervan (Grand Rapids), 1940. 
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PAPERS IN EDUCATION AND PSYCHOLOGY 


Extract From THE REpoRT OF THE SECTION CHAIRMAN 


The Evanston program carried nine papers and a symposium led by 
Robert C. Woellner, University of Chicago. Six papers are herewith pub- 
lished. The others were: 


Cavan, JorDAN T., Rockford College, Rockford—Some roots of vocational 
education. 


Cuioup, Danteu T., Illinois School for the Deaf, Jacksonville—V ocational 
guidance for deaf pupils. 


MEtRosE, J. A., James Millikin University, Decatur—Factual maps to 
guide personnel guidance. 


Eighteen attended, and elected as chairman of the 1942 meeting J. M. 
Hughes, Northwestern University, Evanston. 


(Signed) O. Irvine Jacossen, Chairman 
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ATTITUDES IN SCHOOL ADMINISTRATION 
J. M. HueHes 
Northwestern University, Evanston, Illinois 


In recent years, social psychologists 
have given attitudes a most significant 
place in their attempts to develop a more 
acceptable understanding of human con- 
duct. Some of them, the more renowned, 
in fact, such as Mead and Allport, have 
used attitudes as a sort of central theme 
to their sciences. That they have enabled 
us better to understand the processes of 
human behavior, there can be no ques- 
tion. On the other hand, there is little 
evidence that the knowledges developed 
by them have penetrated as far as they 
deserve and as rapidly as they merit into 
other fields. Especially would it seem 
that their materials have wide applica- 
tion to school administration, because 
school administration is itself, a social 
field. While it is impossible to dwell 
long upon the general applicability of a 
theory of attitudes to school administra- 
tion in a brief article, one can present 
the point of view of the social psycholo- 
gist and can then analyze some of the 
problems of school administration in 
terms of it. 

It is the contention of the social psy- 
chologist that an understanding of atti- 
tudes seems essential to an understand- 
ing of human behavior, since they form 
the background out of which a given in- 
dividual or social act emerges. Naturally, 
the most satisfying way of explaining an 
act would be to do so by directly identi- 
fying it with the physiological process 
in which it originates and out of which 
it develops. Obviously, in the present 
state of knowledge, this is impossible. 
We can closely approach this method, 
however, by identifying the act as atti- 
tude. An attitude may represent various 
organizations of parts of the nervous 
system which are going to be responsible 
for acts. These hypothetical organiza- 
tions we recognize under the appellation 
of attitudes. In this way of looking at 
behavior, attitudes constitute a form of 
behavior potential which will be infiu- 
ential, at least, in shaping the character 
of the individual act in its initiatory 
stages. 


School administrative theory as it has 
been developed in this country seems to 
have lived apart from these knowledges 
and interests of the social psychologists 
with respect to behavior. Much of it has 
been channeled in a course which runs 
counter at many points to the beliefs of 
the social psychologists in general and 
runs counter almost at every point, in 
particular, to which social psychologists 
believe to be true of attitudes and of the 
significant part they play in problems of 
human relations. 

If attitude is as potent a factor in 
shaping the character of the social and 
individual act as social psychologists be- 
lieve it to be then it would seem that 
school administration must become more 
concerned in the future than has been 
true in the past with taking it into ac- 
count when problems of human relations 
are being dealt with. Not only must 
administrators be able to identify atti- 
tudes but they must be able to effect de- 
sirable changes in them. This holds for 
their own attitudes as well as for the at- 
titudes of others. 

Probably the most effective way to 
study attitudes is by the method of direct 
observation by a skilled observer of each 
individual person. It seems doubtful 
that they can ever be satisfactorily meas- 
ured. Assuming that they could, the 
problem of predicting the bearing each 
would have upon an individual act would 
still not be a simple one. Obviously, 
mass study by self identification of atti- 
tudes has serious weaknesses. On the 
other hand, the method possesses at least 
one good feature. It permits the render- 
ing of a generalized judgment by a group 
of people with respect to what they con- 
ceive their attitudes to be toward certain 
specified items. This thereby makes pos- 
sible certain general conclusions with re- 
spect to how conditions should be changed 
if we wish to eradicate or to intensify 
such attitudes. Thus, it directs attention 


toward factors which operate to build 
or destroy attitudes in people. 
The way in which an understanding of 
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attitudes could affect school administra- 
tion was impressed upon the writer by 
several studies he has made in the past 
in the field of supervision, particularly by 
the results of one of the studies* pub- 
lished two years ago. 

The method was that of mass, self- 
identification. We may draw upon some 
of the findings of that study for examples 
of administrative practice which make 
for good and bad attitudes. Let us first 
list practices which, for most people but 
not for all, result in attitudes which have 
an antagonistic quality. They might be 
itemized as follows: 

1. The practice of having superior of- 
ficers rate teachers. 

2. The practice of superior officers of 
giving negative criticisms after seeing a 
teacher teach. 

3. The practice of helping a teacher 
to employ a particular method of teach- 
ing. 

4. The practice of having teachers 
plan without in some way providing an 
organization which will enable plans defi- 
nitely to become action. 

5. The practice of having schools or- 
ganized into departments and having 
each department administered by a head. 

6. .The practice of organizing the 
school around numerous functionaries. 

7. The practices of class-room visita- 
tion, and visitation followed by confer- 
ence. 

8. The practice of having regular 
classroom teachers do demonstration for 
their colleagues. 

9. The practice of holding regularly 
scheduled faculty meetings. 

The attitudes toward these practices 
as held by most teachers and administra- 
tors included in the study were distinctly 
antagonistic. Yet these practices are 
among the commonest employed in the 
whole field of administration. 

Certain practices, in the main, arouse 
favorable attitudes. Among these are 
the following: 

1. The practice of giving constructive 
suggestions to teachers which lead to im- 
provement in teaching. 

2. The practice of giving active aid 
to groups of teachers who are planning 
or carrying out some joint endeavor the 
results of which promise to bring general 

2J. M. H 
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professional improvement to those par- 
ticipating. 

3. The practice of allocating the super- 
visory function to one person in a school, 
to one person alone and with the under- 
standing that supervision is to be his sole 
function. 

4. The practice of having teachers act 
as chairmen of subject matter groups, (as 
opposed to having superior officers act as 
heads). 

5. The practice of having planning 
done by small groups and of having meet- 
ings held by small groups, the groups to 
be formed on the basis of homogeneous 
interests. 

6. Practices such as: 

a. helping a subject group to plan 
some group study or project as a result 
of which the teachers will be able to 
proceed more intelligently. 

b. providing groups with educational 
data and information, the need for which 
has grown out of the work for the group. 

c. making available certain profes- 
sional articles and studies which bear 
upon educational topics being discussed 
by teachers, 

If, as we said at the beginning, atti- 
tudes form the soil out of which an in- 
dividual or social act emerges and. in 
terms of which the complete act is de- 
veloped, a mass study of attitudes, de- 
spite the admitted weaknesses of the 
method, leads to the feeling that a num- 
ber of points in school administration 
are needful of serious consideration. 
Three of these seem to stand out more 
prominently than some of the others. 

The first of these is that certain of our 
administrative methods will need to un- 
dergo change and some of the devices 
now in common use may well be dis- 
carded. Thus, everyone knows that in- 
spection of individuals or of institutions 
is almost always resented. No one would 
inspect an institution unless he were 
paid to do so—fifty dollars a day and ex- 
penses. Like the judge in traffic court, 
the inspector works for the fees he gets. 
It could readily be shown that the in- 
spection function if we only cared to do 
so could be handled with different results. 
As to rating devices, their use is now on 
the decline. The effect of their use in 
terms of the attitudes they caused to be 


hes. The Attitudes and Preferences of Teachers and Administrators for School Supervision, 
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built was definitely bad. Careful selec- 
tion of teachers, indefinite tenure, auto- 
matic salary scales, stimulating teaching 
environments can completely abolish the 
need for rating scales. 

The second is, that our methods of 
handling problems of human relations 
will need to be more consistent in the 
future with those knowledges and in- 
sights of social psychology which dictate 
the methods to be used. For example, 
many of the methods now used ignore 
almost completely the knowledge about 
emotion and its relation to adjustment 
and development. Some of the methods 
simply ignore the harm done when by 
their use, irrelevant or strong emotions 
are aroused or worry and strain are 
introduced. 

The third is that organizational pat- 
terns will have to be set up which are 
less, much less, static than those which 


obtain at present. The principle need 
of organization, at present, seems to be 
the incorporation of factors and elements 
which make change in organization a 
natural characteristic of organization it- 
self. This, too, is possible as is shown 
by the successful operation of a number 
of present day organizations. 

It would seem, then, that administra- 
tive theorists should not continue to ad- 
vocate that administrators act in a direc- 
tion which opposes the movement of the 
social forces observable within a staff. 
Attitudes furnish good cues to the direc- 
tion and the magnitude of these forces, 
and enable one to know toward what the 
forces are directed. It is not easy to 
brave the forces of a torrential stream. 
Such knowledge, however, should aid us 
to act more intelligently, provided of 
course, we seek to act in ways consistent 
with such knowledge. 





GUIDANCE TESTING 


O. IrnviING JACOBSEN 
Shurtleff College, Alton, Illinois 


This field has grown to such propor- 
tions that it is impossible in a short 
paper to include the great scope which 
it embraces. There are a few important 
problems which should be considered, 
even though some of them have not as 
yet been solved. Progress is being made 
rapidly, and the prospects point toward 
a scientific and efficient development in 
this phase of administrative work in high 
schools and colleges. 

Many educational institutions have, 
over a period of years, developed guid- 
ance clinics, which have become out- 
standing in their work, and have gained 
a reputation of efficiency and achieve- 
ment. Some clinicians have compiled 
and devised their own tests to serve their 
special purposes. Experimentation is 
still going on, which is likewise an indi- 
cation of progress. 

The first question arising when a guid- 
ance clinic is about to be established by 
an educational institution, is that of the 
specific tests which should be given to 
students. Is it possible to give too many 
tests? Is it possible to obtain too much 
information about the students? It cer- 


tainly is possible to give too few tests, 
and to have too little information about 
students, in order to give capable guid- 
ance. The questions seem, therefore, not 
to limit the amount of information de- 
sirable, but rather, the use made of such 
information when it is available. 


A cumulative record, which includes a 
case study of each student, seems neces- 
sary. The misinterpretation of test re- 
sults and other information can become 
a danger to the guidance program. This 
indicates the demand for a qualified 
specialist to head the guidance clinic, so 
that there will not be the danger of the 
program being “lost in a haze of tests.” 
It would be a definite advantage if the 
clinician is well-informed in the field of 
mental hygiene, in addition to other reg- 
ular qualifications. 


The guidance program is all-inclusive 
so far as the faculty members are con- 
cerned. Although the clinician has di- 


rect control of the program, responsibil- 
ity for its fulfillment rests with the en- 
tire teaching staff. Cooperation is neces- 
sary, since much information concerning 
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students is obtainable only from individ- 
ual teachers. 

Perhaps one of the first tests to be con- 
sidered in a guidance program is the 
intelligence test. On the basis of a re- 
liable test, essential advice can be given 
as to the education of the student. Per- 
haps the student should be encouraged 
to attend college, or discouraged. It may 
be that the student should be discouraged 
to complete high school, and to study 
some trade in a special school. Many 
cases can be cited in which parents have 
insisted that their child study for a pro- 
fessional career, against the advice of a 
guidance counselor, only to fail com- 
pletely in his studies, and be forced to 
choose another vocation, after having 
needlessly wasted two or three years. It 
must always be remembered, however, 
that intelligence tests are not infallible, 
and also that they cannot measure effort 
nor ambition. 

Achievement battery tests, or individ- 
ual achievement tests in specific subjects, 
have a place in most guidance programs. 
On the basis of ability shown by these 
tests, educational, as well as vocational 
guidance can be given. These tests may 
also be used for prognostic or diagnostic 
purposes, depending on their contents. 

The tests which are of prognostic na- 
ture are increasing continuously. While 
these tests are often given before college 
entrance, some of them can be given to 
advantage at any time. These specific 
tests include the fields of music, art, home 
economics, and general vocational apti- 
tudes. 

Nearly every clinic gives at least one 
test of character or personality. Certain 
vocations demand a special type of per- 
sonality. It may be that a certain per- 
sonality type would mean failure in a 
specific vocation. Therefore guidance in 
vocational choice is aided by knowledge 
of the results of a personality test. 

The diagnostic tests are usually con- 
sidered as belonging to the elementary 
school only. However, recently such 
tests have proven to be a great advantage 
in guidance. This has been true in the 
field of reading, where diagnosis may in- 
dicate a lack in earlier training, and 
through proper remedial training, it may 
be possible for a student to attain skill, 
and perhaps even surpass the average 
college or high school student in reading 
ability. 


Some institutions have established spe- 
cial reading clinics, because of the need 
among students. In one college, it was 
discovered, by means of a reading test, 
that over fifty per cent of the first-year 
students had only eighth grade reading 
ability. Training to overcome this lack 
might end further difficulty for certain 
students, especially when they show no 
lack in other fields. There are some 
authorities, however, who question the 
duty of guidance work in the field of 
remedial training. 


Since reading is essential for most high 
school and college work, faulty habits are 
a distinct hindrance to progress. A com- 
mon fault found among students, is that 
of using oral reading habits in silent 
reading, that is, pronouncing each word 
“mentally.” This procedure retards read- 
ing and hence it hinders a student from 
obtaining a higher score in any test in 
which reading is required. The author 
correlated the reading test scores of one 
hundred Freshmen with their English 
Placement test scores, and obtained a co- 
efficient of correlation of +.96, P. E. .02. 
Reading and intelligence scores for this 
same group gave a correlation of +.95, 
P. E. .08. 


Vocational aptitude tests are sometimes 
considered the most important, or the 
only tests with which guidance counsel- 
ors should be concerned. Some of the 
tests in this field are still very much in 
the experimental stage, that is, their re- 
liability has not yet been proven. Among 
the vocational tests now available are: 
dexterity tests, specific interest inven- 
tories, occupational questionnaires, and 
clerical and mechanical aptitude tests. 
The personal history rating chart is list- 
ed also as a vocational test. 


Results of these tests can be used as a 
guide in advising students to enter or to 
avoid certain vocations. This makes fur- 
ther demands on the guidance clinician, 
that is, a thorough knowledge of what 
is required in the various vocations. The 
interest inventories are seldom reliable, 
since interest is often fleeting with stu- 
dents, and again, the test may be taken 
with student intention to check all that 
he knows belongs with a certain vocation 
which he intends to enter. However, 
since his knowledge is limited, his voca- 
tional choice may not coincide with inter- 
ests of the choice. 
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In addition to the tests mentioned for 
guidance, educational and family history 
are of aid to the clinician. Knowledge 
of the student’s health also is of aid in 
vocational guidance. Emotional adjust- 
ment likewise should be known. Some- 
times the personality test includes both 
health and emotional adjustment. 


The field of guidance testing is very 


wide, and since there are so very many 
tests available in this field, there may 
be the danger of including tests which 
are not valid measures of what they 
claim to measure. The guidance cli- 
nician must therefore have a thorough 
knowledge of tests, of testing techniques, 
and of test interpretation, and he must 
be on the alert for any new ideas and 
tests which can be of use in his field. 





A VOCATIONAL PHILOSOPHY OF LIFE 


GrorGcE B. LAKE 


Waukegan, Illinois 


What do people want from life? 

That is a basic, vitally important, in- 
tensely intimate, and wholly individual 
question, which shockingly few people 
have ever taken the time and thought to 
answer clearly and intelligently; and the 
ignorance, shortsightedness, and mental 
inertia which are to blame for this de- 
plorable condition make up one of the 
main things the matter with us today. 

The average person is a good bit like 
the man who wandered up to the ticket 
window in a railway station and mur- 
mured, “I’d like a ticket, please.” 

“What station?” barked the busy clerk. 

“Well, what stations have you?” in- 
quired the undecided one. 

If you think that’s a funny story, try 
asking ten or twenty young people, and 
an equal number of those who are not so 
young, without any preamble, “Just what 
are you planning to do with your life? 
What do you think you are here for?” 
and note their reactions ‘carefully and 
thoughtfully. 

I will venture to say that, if you will 
carry out that experiment, as outlined, 
that story will not seem funny to you 
any more, for you will see it as a tragic 
allegory of millions of pointless lives, 
which are so because they are not based 
upon a sound philosophy. 

Science asks but one question of the 
universe—‘How?” And all our labora- 
tories and research institutes, through all 
the years, have answered only a tiny 
fraction of that question; but as fast as 
they have formulated their fragmentary 
answérs, philosophy has seized upon them 
and propounded the truly fundamental 





question, “Why?” Without the answer 
to that interrogation, the findings of 
science are hollow and ephemeral, for 
they do not go back to the place where 
things begin. 

A poet, who was also a philosopher, 
once said, “Only the intangibles are 
sure.” 

Don’t take his word for it. Test it by 
the standard of your own experience, 
and then you'll know whether he was 
right. What lasts? 

The money a man earns in any skilled 
trade or profession may be lost or wasted 
in a wide variety of ways; but the skill 
that earned it lasts as long as his physi- 
cal body holds together—and long after 
that, for skill is a manifestation of en- 
ergy, and energy is indestructible, though 
it may change its form. 

A house may burn to the ground and 
cease entirely to be a house, though its 
physical elements are not destroyed; but 
the dream of that house, in the archi- 
tect’s mind, is not lost. He can reproduce 
it, every beam and window and brick. 
That lasts! 

Follow through along this line, with 
your own illustrations, and when you are 
convinced, out of your own knowledge, 
that the poet-philosopher was right, you 
will recognize that no vocational study, 
or any other activity in life, can be of 
any real and permanent value unless it 
is based upon intangibles. Of course all 
purely physical activities are absolutely 
conditioned by those universal intangi- 
bles that we call “the Laws of Nature.” 

The only “original sin,” and the ob- 
stacle that man has been striving, for 
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millions of years, to overcome, is ignor- 
ance. We have made some headway, but 
not nearly so much as most people like 
to believe. The road ahead of us is far 
longer than the rough little stretch that 
is behind. 

But that need not discourage us, for 
an exceedingly small number of us pos- 
sess more than a minute fraction of the 
intangible (but utterly real) knowledge 
that is now available, so that we can 
profitably employ several lifetimes in 
eatching up with what is now known, 
without considering any new additions 
that may be made to the total in the 
meantime. 

The first foundation-stone of a rational 
and workable life philosophy is the recog- 
nition and acceptance of the idea that, 
behind all of the facts that we know 
about this completely law-governed (and 
therefore intelligently operating) uni- 
verse, and all its manifestations that we 
can observe (though we may not under- 
stand them), there must be an incalcul- 
ably vast storehouse of power and knowl- 
edge which we have not yet tapped, and 
an inconceivably fertile and forseeing 
Intelligence directing it all, which we 
may call God, or by any other name that 
suits us best. 

Many seem to feel that, along this line, 
intelligently directed study is impossible 
or would be futile. Time does not permit 
me to go into this matter at length, but 
I assure you, of my personal knowledge, 
that such an idea is erroneous. The con- 
stantly growing literature in this field 
is already large and varied, and the op- 
portunities for personal experimentation 
are practically limitless. The thoroughly 
scientific investigations of extrasensory 
perceptions, which Dr. J. B. Rhine, of 
Duke University, has been making during 
the past few years, are only the first 
short step, under “Orthodox” auspices, 
but sincere and industrious individuals 
have gone much further. 

There is an old tale about an interested 
and curious traveler who came upon a 
group of men busily shaping masses of 
stone into regular blocks. He accosted 
one of them with the question, “What 
are you doing, friend?” The man looked 
at him blankly, wiped the sweat from 
his forehead, and growled, “Earnin’ a 
measely six dollars a day.” To the same 
question another, replied, scarcely raising 
his eyes from his work, “I’m cutting nice, 


211 


square blocks of stone for the masons.” 
A third, similarly interrogated, raised his 
eyes to the clouds sailing over and whis- 
pered, “I’m building a cathedral, sir.” 

There, if you will study it a bit, you 
will find sketched the entire intangible 
(and therefore enduring) philosophy of 
all vocational effort, and it is on this 
foundation that we must build the voca- 
tional structure of the future. 

The first question that one must ask, 
in connection with a vocation (and an- 
swer, clearly, directly, and with intelli- 
gence) is, “What do I truly want to do, 
above all other things?” The second is, 
“Just what equipment, tangible and in- 
tangible, will be required for doing this 
work?” And the third is, “Do I now 
possess such equipment, or am I ready 
and eager to spend the time, effort, and 
money to acquire it? 

The answer to the first question is in- 
tangible (involving ideals) and basic. 
and unless it is sharply formulated, in 
detail, the others cannot be answered. 
If it is so formulated (which is pitiably 
rare), the answers to the two others will 
determine whether the individual will 
pursue his first choice, or will be content 
with a second, third, or twentieth, and 
this is a matter involving character (an- 
other intangible). 

The individual wholly without ideals 
is or becomes a hobo, a “bum”; from 
those whose ideals are few and easily 
attained are recruited the millions of 
W.P.A. workers and satisfied recipients 
of government doles. No amount or type 
of vocational guidance or training will 
“take” on a person who has no ambition, 
no standards, none of that divine and in- 
tangible afflatus which makes featherless 
bipeds men. 

Among those who appear to be in this 
unpromising category there are some 
who will work out of it if the intangible 
and wholly subjective quality or condi- 
tion called interest can be stimulated by 
some internal or external circumstance. 
over which outsiders have but slight, re- 
mote, and indirect control. The change 
in outlook, if it is to be permanent, must 
be self-generated. 

This change has been brought about, 
in many, by “exposing” them to the ideas 
that the laws of evolution and of cause 
and effect operate throughout the uni- 
verse, at all levels of consciousness, and 
eternally, so that every man, at any par- 
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ticular moment, is the mathematically 
exact product of his own activities dur- 
ing his cosmic and finite past, and there 
are no such things as punishment or 
reward, but merely the impersonal and 
inexorable results of causes set in mo- 
tion, at some time, by the man, himself. 

On this basis it is evident that, not 
only must every one of us pay, in one 
way or another, for all he gets out of 
life, but also that we can have out of 
life anything for which we are willing to 
pay in the medium of exchange suitable 
to the nature of our ideals, which is 
rarely money, but far more often time, 
unremitting effort, physical self-denial, 
and other intangible units of value. 

We are here in life for the intangible 
purpose of growing or evolving, as human 
souls, by developing such rudimentary 
faculties and powers as we possess 
through exercise; by gaining knowledge 
and transmuting it into wisdom by put- 
ting it to work and studying the results; 
and by learning to understand other 
people, so that sympathy may grow into 
impersonal or divine compassion, as we 
become able to function at higher levels 
of the universe, which is inseparably one, 
in all of the four dimensions in which 
we are now working, and so far beyond 
that that we are now totally unable to 
conceive of it. 

Sketched thus briefly, this sounds like 
a decidedly tenuous and unsubstantial 
doctrine, but any one who is willing to 
pay, in time and effort, for more detailed 
information, can get it. The fact that 
it is worth what it costs is shown, prag- 
matically, by its tangible results in the 
material world. 

If our present system of loaves gor 
loafers, which permits idlers to subsist 
on a low level, at the expense of indus- 
trious citizens, were to be abolished next 
week, its supposed beneficiaries would 
discover that they had paid an exces- 
sively high price for eating without work, 
in the loss of the ability to work pro- 
ductively. 

Among the voluntary workers, the low- 
est wages are paid to those who work 
with their bodies only, and the scale of 
remuneration rises in direct proportion 
as they add to their working machinery 
the intangible emotional, mental, and 
intuitional faculties, so that the highest 
financial returns of all go to the men 
who, transcending even intellect, rise to 


those rarefied heights where only gen- 
iuses, in industry, commerce, the profes- 
sions, and all other fields, can breathe. 
And all the way up, the progress is 
steady, regular, orderly, and step by step. 

When a sufficient measure of this phil- 
osophic viewpoint has been attained 
(consciously or unconsciously) to permit 
a man or woman to dream the dreams 
that are the necessary precursors of all 
accomplishment, such an individuai will 
be eager to learn how his dreams can be 
objectified, and at this point, but not be- 
fore, vocational guidance and training 
can begin to perform their beneficient 
functions, the first of which is to stimu- 
late and assist the candidate for self- 
motivated advancement in formulating 
his aspirations in clear-cut detail, which 
is, by far, the hardest part of the steady 
progress on an uphill road, which is edu- 
cation, in its largest sense. . 

With the goal clearly in sight, the 
climber, with such assistance as we can 
give him, must make as objective and 
impersonal an inventory as is possible 
of his physical, emotional, intellectual, 
and spiritual assets and liabilities, so 
that he can determine what excess bag- 
gage of habits, prejudices, superstitions, 
and the like must be jettisoned, and what 
supplies and equipment for the journey 
before him he lacks, so that he may set 
about procuring them. 

Here intelligent, experienced, and deep- 
ly sympathetic helpers can give invalu- 
able assistance, if they can divest them- 
selves of an obvious sense of superiority 
and of the urge to preach, and bring into 
play that near-divine faculty which the 
psychologists call empathy. 

The elements of a sound vocational 
philosophy of life may be outlined as: 

1. The vital realization that every 
human soul is a part of an inescapable 
evolutionary scheme that will carry him 
forward; but that he can increase the 
speed and ease of his progress by learn- 
ing how it operates and then cooperating 
with it, consciously. 

2. The clear perception and definite 
formulation of an individual objective 
for this lifetime. 

3. An eagerness to attain that objec- 
tive which will make any labors and 
trials involved in the process seem in- 
consequential. 

4. A cool and impersonal inventory of 
one’s total assets and liabilities, followed 
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by intelligent and considered action upon 
its results. 

5. The acquirement of wisdom through 
employed knowledge; of faculties and 
powers through disciplined and continu- 
ous exercise; and of loving sympathy 


through observing, understanding, and 
helping other people. 

6. Recognition of the fact that the 
index of any man’s value to society (and 
therefore to himself) is the degree of 
his ability to cooperate and contribute. 





STUDENT PREFERENCES IN DIVISIONAL STUDIES AND 
THEIR PREFERENTIAL ACTIVITIES 


K. S. Yum 
University of Chicago, Chicago, Illinois 


What are the relationships between 
what college students prefer to do and 
their divisional choices in study? Are 
there any divisional differences in the 
activities which they prefer? Are men 
and women alike in these respects? These 
are questions which college deans, pro- 
fessors, and student counselors, as well 
as students themselves, would be inter- 
ested in knowing. The present investi- 
gation attempts to answer some of these 
questions by means of the Preference 
Record of Dr. G. Frederic Kuder (6). 
The Preference Record lists seven major 
types of activities, namely, scientific, 
computational, musical, artistic, literary, 
social service, and persuasive. The_lists 
of occupations for each of the seven 
major types are quite extensive (5). The 
characteristics of these preference items 
have also been evaluated (7). 

The test was given to 193 juniors in 
the University of Chicago, and their 
preferential choices in the divisional 
studies have been investigated. The re- 
sults are presented in Tables I to VII, in 
terms of sigma units. 


CoNCLUSIONS 


1. The mean profile of the total group, 
presented in Table I, is significantly 
higher in the order of the social service, 
scientific, artistic, and musical activities, 
and significantly lower in persuasive ac- 
tivities, as compared to the norms. We 
might look upon this profile as a sample 
of university life on the motivational 
level. 


2. Divisional differences seem to exist. 
The significant differences in the mean 
profiles of the Biological and Social Sci- 
ences are in the scientific and literary 
activities, as shown in Table II. Com- 
parison of the three divisions of Physical, 
Biological, and Social Sciences, in respect 
to men, and comparison of the two di- 
visions of Biological and Social Sciences 
in respect to women, bring out these 
differences more clearly and consistently 
as presented in Tables III and IV. 

3. Tables V, VI, and VII in our data, 
show rather marked differences between 
men and women in some major types of 
their preferential activities, and indicate 


TABLE IMEAN PROFILE OF THE TOTAL Group 


Number Computa- 
Group of Cases Scientific tional 
Total Group- ---- Sa 1 . 248 —. 002 


Musical 
. 196 


Social 
Artistic Literary Service Persuasive 
- 203 . 038 . 554 —.215 


TABLE II.—COMPARISON OF THE MEAN PROFILES OF THE DIVISIONS OF BIOLOGICAL AND 
SocraL ScreNcEs (MEN AND WoMEN COMBINED) 


Number Computa- 
Divisions of Cases Scientific tional 
Biological. ........- 59 . 813 . 308 
| Se 87 —. 226 . 244 


Social 
Musical Artistic Literary Service Persuasive 
. 144 . 366 —. 521 . 687 —. 434 
. 041 —.014 - 439 . 531 —. 060 


TABLE III.—COMPARISON OF THE MEAN PROFILES OF THE DIVISIONS OF PHYSICAL, 
BIOLOGICAL, AND SOCIAL SCIENCES (MEN) 


Number Computa- 
Divisions of Cases Scientific tional 
| RRS 18 1.517 . 21 
Biological.......... 32 1. 203 —. 323 
re 54 —. 206 . 324 


Social 
Musical Artistic Literary Service Persuasive 
. 703 . 164 —. 469 . 056 —. 603 
. 133 —. 080 —. 628 . 434 —. 275 


—. 069 —. 290 - 426 - 301 - 200 
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TABLE IV.—CoMPARISON OF THE MEAN PROFILES OF THE DIVISIONS OF BIOLOGICAL 
AND SocraL SCIENCES (WOMEN) 


Number Computa- Social 
Divisions of Cases Scientific tional Musical Artistic Literary Service Persuasive 
Biological. .......--. 27 . 350 —. 291 . 157 . 894 —. 394 . 987 —. 622 
Se abooccdictene 33 —. 259 .114 . 223 - 438 - 461 . 908 —. 486 
TABLE V.—COMPARISON OF THE MEAN PROFILES OF MEN AND WOMEN 
Number Computa- Social 
Sex of Cases Scientific tional Musical Artistic Literary Service Persuasive 
TR ci cianhiblendninackioes lll 47 .110 . 139 —.131 —. 035 . 256 —. 007 
WOMB cnn. nccckse 82 —. 064 —. 152 . 273 - 656 . 137 . 958 —. 496 


TABLE VI.—CoMPARISON OF THE MEAN PROFILES OF MEN AND WOMEN IN THE 
BIOLOGICAL SCIENCES 


Number Computa- Social 
Sex of Cases Scientific tional Musical Artistic Literary Service Persuasive 
FERRE re 32 1. 203 —. 323 - 133 —. 080 —. 628 . 434 —. 275 
Te 27 . 350 —. 291 . 157 . 894 —. 394 . 987 —. 622 


TABLE VII.—CoOMPARISON OF THE MEAN PROFILES OF MEN AND WOMEN IN THE 
SocraL SCIENCES 


Number Computa- Social 

Sex of Cases Scientific tional Musical Artistic Literary Service Persuasive 
NE 54 —. 206 . 324 —. 069 —. 290 . 426 . 301 . 200 
a Te 33 —. 259 -114 . 223 - 438 - 461 . 908 —. 486 
that these differences are quite consistent. BIBLIOGRAPHY 
Women are significantly higher than men 1. Adkins, Dorothy ©. and Kuder, G. Frederic. 
in artistic and social service activities; —_ oo of an — a » 
men are significantly higher than women ete nae I aye a 


in scientific activities. It is interesting 2. Carter, H. D. and Strong, E. K. Jr., Sex Dif- 


f in O ional Interests of High 
to observe that women are more definite- easel bihiann Gena hag a 
ly uninterésted in persuasive activities 8. Darley, John G. Counseling on the Basis of 
than men Interest Measurement. Ed. and Psychol. Meas- 


urement, 1941, 1, 35-42. 
4. These profiles of motivation ob- 4. Fryer, 2. The Measurement of Interests. New 
tained here are not measures of ability 5, Kuder, G. Frederic. Manual For the Preter- 
but are meant to give some index of the ence Record. 1700 Prairie Ave., Chicago, Illi- 


extent to which an individual will be 6. Ruder, a tke ee he 1700 


motivated in various areas along with Seales Rong Illinois: Science Research 
the abilities at his disposal. Hence, they 7. Kuder, G. Frederic. The Stability of Prefer- 


should be useful to those educators who ence Items. J. Soc. Psychol., 1939, 10, 41-50. 

f ted ith th bl f 8. Stead, W. H., Shartle, ©. L., and Others. Oc- 
are contronte Ww e problems oO cupational Counseling Techniques, Their De- 
handling student counseling more effi- velopment and Application. New York: Ameri- 
ciently can Book Company, 1940. 
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PAPERS IN ZOOLOGY 


Extract From THE Report oF THE SECTION CHAIRMAN 


The Evanston program carried 18 papers, and two symposia with three 
papers each : one symposium on ‘‘ Animal Geography of Illinois,’’ and one on 
‘‘Endocrinology.’’ Of all the papers read, 15 are being published in this 
issue, and three were published in the September issue by invitation. The 
others were: 


BarbEn, A. A., Northwestern University, Evanston—Analysis of activity 
of the lizard. 


CaLHoun J. B., Northwestern University, Evanston—Analysis of banding 
of the chimney swift at Charlottesville, Virginia, and Distribution 
and food habits of the mammals of Reelfoot Lake region. 


CARPENTER, CHARLES K., Baileyville, Illinois—The family life of the 
Least Bittern. 


Furrow, CuarENcE L., Knox College, Galesburg—Abortive ovogenesis 
in Valvata tricarinata. 


Hawkins, Artuur §., State Natural History Survey, Urbana—Water 
fowl. 


St. Amant, Lye, Northwestern University, Evanston—The effect of 
castration and treatment with ethinyl testosterone on the development 
of the gonopodium of Gambusa affinis. 


THompson, Davip H., State Natural History Survey, Urbana—Fishes. 
Wricut, Bertranp A., Oak Park, Illinois—A quantitative sampler for 
aquatic vegetation. 
About 120 attended the two sections and elected as chairman of the 1942 
meeting Orlando Park, Northwestern University. 


(Signed) W. V. Baupur, Chairman 
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THE INTRODUCTION OF WILD LIFE INTO SOUTHERN 
ILLINOIS 


CLARENCE BONNELL 


Township High School, Harrisburg, Illinois 


ABSTRACT 


Wild life in Illinois as our fathers and 
grandfathers knew it has almost van- 
ished. Passenger pigeons, prairie chick- 
ens, wild turkeys, deer, buffalo, and the 
countless nests of song birds that one 
found in every hedge and apple tree are 
gone or remain only as remnants. Wild 
life in Illinois is a shadow compared 
with conditions fifty years ago and a tra- 
dition as compared with 1841. Compara- 
tively recent attempts have been made 
to replenish this waste of our natural 
resources. 

Two government agencies have under- 
taken replacements of the losses in South- 
ern Illinois, beginning with State action 
many years ago. Illinois distributed 
51,000,000 fish in 1939, 46,000 quail and 
57,000 pheasants. The State Department 
of Conservation, according to its 1940 
report, has produced 108,082,125 game 
fish of seven species distributed from 
1935 to 1939 in bodies of water number- 
ing up to 1107 in 1939. 

Twenty-five years ago, prairie chickens 
were frequently seen from the railroad 
trains in passing through Hamilton 
County which is in the third tier of 
counties north. I have been over that 
county frequently in the past ten years 
and I have noted but a half dozen pheas- 
ants and one prairie chicken. 

The Illinois Division of Conservation 
had $483,493 on deposit in its Game and 
Fish Fund December 31, 1939. I cannot 
agree with the statement in its 1940 re- 
port that, “This fund belongs to the 
sportsmen of Illinois,” although the total 
sale of licenses for the biennium 1937- 
1938 amounted to $1,451,497. The sale 
of 751,381 such licenses in 1939 does not 
necessarily mean that wild life is increas- 
ing as the report seems to imply. The 
report says, “This artificial production of 
wild life by the department materially 
aids natural propagation and insures 
more game for those who enjoy the sport 
of hunting.” This is true. Without ar- 


tificial production the game might be re- 
duced to extinction if the present rate of 
slaughter were continued. It is apparent 
that wild life in Southern Illinois grows 
less in spite of artificial production. In 
our efforts to increase game resources 
are we not thwarted by our eagerness 
to obtain more revenue by destroying it? 

The Shawnee Federal Forestry Unit 
has introduced into its territory twenty 
deer about seven of which are thought 
to survive, twenty beavers which have 
increased to about seventy, and seventy 
turkeys about thirty-five of which are 
thought to be alive and wild. More than 
30,000 fish have been planted in the area 
of 185,000 acres which were controlled 
by the Unit in 1940. 

The following estimates of wild life 
populations in the Unit as recorded by 
their numerous official observers give 
some idea of the struggle which goes on. 
The figures are estimated populations: 
Of Quail, 87,900, 6,300 hunters, 1,600 
killed; Pheasants, 48, 12 hunters, 2 
killed; Woodcock 5, 4 hunters, 0 killed; 
Mourning Dove 41,000, 8,000 hunters, 
2,200 killed; Mink 620, trappers 125, 
killed 235; Otter 20, trappers 80, killed 
5; Muskrat 3,800, trappers 210, killed 
1,000; Skunk 8,700; trappers 430, killed 
2,200; Raccoon 3,100; hunters 970, killed 
500; O’possum 9,600, hunters 2,400 killed 
3,100; Red Fox 1,500, hunters 500, killed 
270; Gray Fox 6,270, hunters 1,100, killed 
700; and ten Wolves and Coyotes were 
counted in the Jonesboro unit. 

It is estimated that there is a perma- 
nent waterfowl population of 30 mallards, 
30 blue winged teal, 15 green winged 
teal, 840 wood duck, 80 coots, 50 black 
duck, 90 lesser scaup, 35 pin tails, 10 
canvasback ducks, 15 geese. It is also 


estimated that 380 mallards, 90 blue 
winged teal, 15 green winged teal, and 
20 coots were killed in the area. The 
Federal Forestry Unit has no control 
over the game in its territory. 
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In addition to planting many thousands 
of trees in the Shawnee Unit the most 
important game conserving practice has 
been the construction of many small 
lakes, feeding grounds, and shelters to 
supply food and shelter for the game that 
already exists. They number 233 and are 
located as follows: 24% in open fields, 
8% in brush, 31% in cultivated areas and 
37% in timber. Their average size is 
less than one fourth acre. Two larger 
areas of 82 and 33 acres each and three 
of three each have been constructed. 
Gravel, moss, etc. have been used in 33 
places to improve conditions for aquatic 
life over an area of 68 acres. Cypress, 
dogwood, plum, red cedar, and similar 
growths have been used in five to ten 
acre shelter patches. Lespedeza, rye, 
broom grass, etc. have been sown over 
400 acres about the ponds and erosion 
areas. Aquatic plantings such as wild 
rice, cat tails, smart weed, and sweet 
flag have been made. 

Much of the efforts of state and federal 
authorities will come to naught if drastic 
steps are not taken to stop the killing 
of wild life. Larger areas should be set 
aside where no hunting or trapping 
would be permitted. The open season for 
more kinds of game should be closed for 
a term of years and then under severe 
restrictions. Since rabbit fever became a 
menace to hunters, the number of rabbits 
has increased perceptibly. It is esti- 
mated that there are 238 rabbits per 
square mile in the Shawnee Unit. It is 


true that diseases of domestic turkeys 
may have attacked the wild ones and 
that severe winters and drought have 
resulted in the death of many quails; 
but the greatest menace to wild life in- 
crease has been hunters both legitimate 
and otherwise. 


Releasing game in areas where there 
is lack of protection and where it will 
mean that the total number grows less 
each year, is only postponing the time of 
their practical extermination. Limited 
reservations which attract large numbers 
of waterfowl should be surrounded by 
large areas of cultivated or forest land 
which could not be especially attractive 
to water fowl but would give them pro- 
tection in coming or leaving the water 
refuges. 


A water refuge which is so hemmed 
in that it can be surrounded by a multi- 
tude of hunters in rented shelters every 
day of the open season appears to be 
more of a trap than a conservation 
project. 


With due respect to the good efforts 
of authorities and the many really faith- 
ful game wardens, it should be urged 
that game wardens be selected and con- 
tinued in office upon their merit only, 
that they should be assigned to territory 
where their political friends are absent. 
Poachers and those who hunt out of 
season under any pretext should feel 
safer when the game warden is absent 
than when he is present. 





UNIQUE FLIGHT FORMATION OF BLACKBIRDS 


CLARENCE L. BROWN 
Northwestern University, Evanston, Illinois 


It is common knowledge that the con- 
stant decline of the bird population of 
North America would result in a critical 
situation. The alarming reports of the 
Departments of Conservation and the pub- 
lications of the Audubon Societies add 
an atmosphere of realism that is any- 
thing but encouraging. Early American 
literature abounds in narratives of birds 
filling the air so as to blot out the sun, 
of birds crowding so thickly on trees as 
to break the branches, and of birds cover- 
ing the sky from one horizon to the other. 
We generally think of such facts as being 
true only of the past, not as a feature 
of our time. It would seem to be a rare 


experience to observe any such phenom- 
enon today. 

The purpose of this paper is to report 
and describe such a flight formation of 
red-wing blackbirds, now almost a fea- 
ture of the past, as observed a few 
months ago. 

The formations were observed in the 
vicinity of Reelfoot Lake, situated in the 
extreme northwestern corner of Tennes- 
see. While driving south on the Jeffer- 
son Davis Highway just outside the 
limits of Union City on December 21, 
1940, at 4:25 P. M., I saw a long, black 
column of flying birds coming from the 
east. As the column passed overhead it 
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was possible to see the individual birds. 
The formation bent and swayed as it 
passed through the air. The birds were 
about one hundred feet above the ground 
and flew so closely together that the 
column was only about fifteen feet in 
width. I watched the passing birds for 
twenty minutes and yet the end of the 
column was not in sight. Within the 
next four miles, two more such forma- 
tions were seen, stretching from horizon 
to horizon. The flight direction was 
toward the west. 


Near Troy, Tennessee, sixteen miles 
south, two more of these long, snake-like, 
swaying columns of birds passed over- 
head. These birds were also about one 
hundred feet above the ground and the 
columns about fifteen feet in width. 
Flight direction had shifted, as the birds 
were now coming from the southeast; 
the columns: extended from one horizon 
to the other. 


On December 30, at 4:20 P. M., while 
driving north on the Jefferson Davis 
Highway between Troy and Union City, 
I sighted six columns of these birds, 
similar in every respect to those reported 


on December 21. From the residents of 
this section I learned that these flights 
are a common sight each morning after 
dawn and each evening a short time be- 
fore sundown. The birds head toward 
Reelfoot Lake. According to my compass 
observations, the birds would reach the 
central portion of the lake. Hunters who 
know this region verified my observations 
by stating that the birds settle in the 
central portion of the lake to feed and 
rest. 

I conclude, therefore, it is still pos- 
sible to witness one of these rare bird 
flights which are recorded in the litera- 
ture of years ago. It is an unusual ex- 
perience to observe these swaying col- 
umns of red-wing blackbirds whose 
formations stretch from horizon to hori- 
zon. A complete record of these flight 
formations of the Reelfoot Lake region 
would be extremely valuable. It would be 
advantageous to know, among many 
other facts, if such flights encompassed 
the entire lake, where and how the forma- 
tion disseminates as well as the methods 
of growth, the range of the birds, and the 
daily and seasonal variation of these 
“regular” blackbird flights. 





THE EFFECTS OF CARBON DIOXIDE ON DAPHNIA 
H. E. EpERsTROM 
Northwestern University, Evanston, Illinois 
ABSTRACT 


In all permanent bodies of water there 
is a group of minute free-swimming or- 
ganisms known collectively as the plank- 
ton. This includes plants (phytoplank- 
ton) and animals (zooplankton ). Small 
fish depend entirely upon the plankton 
for food, as also do the whalebone whales, 
the largest living animals. Economically 
the plankton is of vast importance, the 
fishing industries being directly depend- 
ent upon its abundance. 

To the biologist this assemblage of or- 
ganisms presents a number of interesting 
problems, one of the most puzzling of 
which is the diurnal vertical migration 
observed in the group as a whole. These 
movements are correlated with night and 
day, so that at noon the majority are 
found in the deeper water, and at mid- 
night they are nearer the surface. Super- 
ficially it appears that the movements 
are caused directly by light, the organ- 


isms perhaps migrating in search for a 
constant intensity. This explanation may 
be correct for the phytoplankton, but 
has not been substantiated for the zoo- 
plankton. Laboratory observations on 
the fresh-water crustacean, Daphnia, by 
von Frisch and Kupelwieser (1913), 
Clarke (1930, 1932) and others have not 
disclosed the role of light in the diurnal 
migrations of this form. Loeb (1904) 
found that carbon dioxide in water made 
Daphnia strongly photopositive to light 
from the side, and on this evidence sug- 
gested that diurnal variations in the 
carbon dioxide content of natural waters, 
brought about by the periodic photo 
synthetic activity of plants, were respon- 
sible for diurnal vertical migrations. This 
theory has been criticised as not having 
sufficient experimental proof. 

The Daphnia pulex used in my experi- 
ments were tested for phototropic re- 
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Fig. 1.—Graph showing the effect of carbon 
dioxide on the phototropic response to light 
in the horizontal plane. 
sponse by placing them in a trough 46 
cm. long illuminated through one end by 
a 100-watt lamp. The bottom was mark- 
ed off in centimeters so that when ani- 
mals were dropped into the middle of the 
trough (zero on the centimeter scale) 
their movement toward or away from the 
light could be recorded as plus or minus 
centimeters, respectively. Filtered Lake 
Michigan water at about 20°C., was used 
for the experimental solutions and also 
in the culture medium in which the ani- 
mals were kept. 

In the first series of experiments, which 
were for the purpose of finding the nor- 
mal phototropic response, 2244 Daphnia 
were given one-minute trials in the 
trough. For the most part these were 
photopositive to the light source used. 
When similar trials were extended over a 
three-hour period, and the positions re- 


corded every six minutes, the average - 


response was much the same. The re- 
sults are summarized in the tables below. 
A series of trials similar to those above, 
but using lake water charged with carbon 
dioxide in the trough, were next under- 
taken. Altogether 11 different concentra- 
tions of carbon dioxide were used, the 
solutions ranging from pH 5.7 with 450 
parts/million free carbon dioxide to pH 
7.8 with 10 parts/million. In each con- 
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TABLE I.—PHOTOTROPIC RESPONSE IN LAKE 
WATER. 1-MINUTE EXPOSURE 


Positive Negative 
No. of Animals Distance No. of Animals Distance 
2055 25918 cm, 189 1077 cm, 


Average: 12.6 cm. Average: 5.7 cm. 
2244 Daphnia tested. 


TABLE II.—PHOTOTROPIC RESPONSE IN LAKE 
WATER. 3-HOUR EXPOSURE 
Positive Recordings Negative Recordings 
429 21 
Average Positions: 18.6 cm. Average Position: 11 cm. 
15 Daphnia tested. 


centration 100 Daphnia were tried with 
the result that most became strongly 
photopositive, many reaching the end of 
the trough nearest the light in less than 
one minute. The time necessary to travel 
this distance (23 cm.) was then recorded 
by a stopwatch, and the swimming rate 
in centimeters per second calculated. 
Each group of 100 Daphnia was also 
given one-minute control trials in lake 
water, either one hour before or after the 
carbon dioxide trials. The difference in 
swimming rate between control and ex- 
perimental trials was then considered to 
be indicative of the effect of carbon di- 
oxide on the phototropic response. This 
difference was significant in all trials. 
Figure 1 shows the results. 

When trials were extended to 3 hours, 
as described earlier, it was found that the 
carbon dioxide effect persisted for about 
90 minutes. 

In another series of experiments the 
phototropic response was tested in a 46 
cm. long vertical tube illuminated from 
above. During the trials 4 or 5 Daphnia 
were placed in the tube and their height 
in the solution recorded by means of a 
centimeter scale (0 at bottom, 46 cm. at 
top) at intervals of 1 hour. The animals 
were tested in this way for 8 hours in 
lake water, and the next day again tested 
in a carbon dioxide solution of pH 6.0. 
In the lake water the Daphnia were at an 
average position of 26.1 cm. for the 8- 
hour period. In the carbon dioxide solu- 
tion the same animals averaged 33.2 cm. 
and the animals did not become adapted 
as in the horizontal illumination. Table 
III shows the average hourly positions of 
the Daphnia. 

The same kinds of observations were 
then made with the light source placed to 
one side of the vertical tube so that it was 
uniformly illuminated throughout. In 
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lake water the Daphnia then remained 
at about the same level (average—23.6 
cm.) as when the light was from above. 
In the carbon dioxide solution, however, 
the situation was reversed, the Daphnia 
being nearer the bottom of the tube 
(average—8.9 cm.). 

The experimental results described are 
interesting in view of the fact that nat- 
ural bodies of water usually contain a 
considerable amount of free carbon diox- 
ide, the amount being greater in the 
deeper strata of water. Philip (1927) 
has shown that the carbon dioxide con- 
tent of a lake studied was subject to ap- 
preciable diurnal variation. At night the 
respiratory activities of plants and ani- 


TABLE III.—AVERAGE POSITIONS OF DAPHNIA 
IN A VERTICAL — FROM 


Height in Tube 


Hours Lake Water CO, solution of pH 6.0 

0 21.9 cm 37.1 cm 

1 26.5 35.5 

2 27.7 30.6 

3 26.4 30.7 

4 33.0 33.0 

5 26.9 32.4 

6 27.7 31.0 

7 23.3 32.3 

8 22.0 37.0 

Av. of 36 Daphnia Av. of 35 Daphnia 

26.1 cm. 33.2 cm. 


mals acted to increase the carbon diox- 
ide content, while during the day carbon 
dioxide was used up in photosynthesis. 
If one considers a Daphnia to be at equili- 
brium point with regard to carbon diox- 
ide and light intensity, any increase in 
carbon dioxide would tend to cause an 
upward movement toward the brighter 
surface waters, while a decrease in car- 
bon dioxide would induce sinking to a 
lower level. This hypothesis, which is 
similar to that of Loeb, is suggested as a 
partial explanation. Undoubtedly there 
are many other factors involved and 
these may vary in effect in different ani- 
mals, thereby making any ultimate ex- 
planation of diurnal migration a very 
complex one. 
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AMPHIBIANS AND REPTILES OF ILLINOIS 


H. K. Groyp 
Chicago Academy of Sciences, Chicago, Illinois 


Knowledge of the amphibians and rep- 
tiles of Illinois is inadequate for a satis- 
factory discussion of the status of these 
groups in the state at the present time. 
According to available data, about one 
hundred species and subspecies are 
known to occur within the boundaries of 
the state. The number of forms repre- 
senting the orders of Amphibia and Rep- 
tilia are as follows: Caudata 19; Salien- 
tia 14; Squamata 46 (lizards 6, snakes 
40); Testudinata 21. Some of these must 
be regarded as doubtful until their pres- 
ence is verified by carefully determined 
specimens. There are no endemic forms. 

The portions of the state best known 
herpetologically are the southern and 
northeastern. The central and northwest- 
ern areas are poorly represented by speci- 
mens in collections and published reports. 

As would be expected from the geo- 
graphic position of Illinois and the 


nature of its natural vegetation (chiefly 
grassland-deciduous forest transition) 
there is a mingling of prairie and wood- 
land species, the former with affinities 
toward the west and the latter toward 
the east and south. 

Of special interest are a few western 
species (of which Heterodon nasicus is a 
notable example) which are regarded as 
relicts of a population formerly more 
widely distributed, and associated with a 
probable postglacial eastward extension 
of the steppe in North America (Schmidt, 
1938, Ecology, 19:396-407). 

A cooperative study of the herpeto 
fauna of Illinois is being initiated by the 
State Natural History Survey Division 
and the Chicago Academy of Sciences. 
Anyone interested in giving assistance in 
the form of specimens or records is in- 
vited to correspond with one or the other 
of these organizations. 
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INDUCED OVULATION IN RANA PIPIENS Il. 


Henry C. Hirt, Jr., anD TRUE W. Rospinson 


University of Illinois, Urbana, Illinois 


The relation of pituitary injection to 
ovulation in amphibia has been investi- 
gated for several years. Rugh (1937) 
showed that there is a quantitative re- 
lationship between the anterior pituitary 
hormone and the number of eggs ovu- 
lated. He expressed the percentage 
ovulation in terms of the ratio of the 
weight of eggs found in body cavity and 
uteri to the weight of the eggs remaining 
in the ovary plus the weight of the eggs 
released. The writers (1940) were able 
to determine directly the number of eggs 
ovulated by removing the ovary to frog 
Ringer’s solution before ovulation com- 
menced. When the ovaries were removed 
as early as 22 minutes after injection 
with a standard dose of pituitary hor- 
mone, some ovulation occurred in the 
Ringer’s solution. As the time between 
injection of the frog and removal of the 
ovaries was increased the number of 
eggs subsequently released also increased. 
These experiments suggested that if the 
time during which the ovaries remained 
in the body were held constant and if the 
amount of hormone injected were varied, 
a quantitative relation between the hor- 
mone and ovulation would be obtained. 
That this quantitative relationship exists 
is shown by the following experiments. 

Method.—Frogs received during the 
winter from Vermont and in the spring 
from Wisconsin: were soaked in cold 
water and then placed in a refrigerator 
at 5°C. until used. Host females were 
selected and weighed in order to obtain 
some index of their ability to ovulate, 
since Rugh has found a correlation be- 
tween body size and potency of the fe- 
male. Pituitary glands for injection were 
removed from females, placed in distilled 
water, and broken up into a fine suspen- 
sion. The various concentrations of the 
hormone for each experiment were pre- 
pared from such a pituitary suspension. 
Hypodermic injection was made into the 
mid-coelomic cavity with a No. 20 needle. 
After injection the host females were 
placed in a bell jar in % inch of chlorine- 
free tap water and kept in the darkroom 


at 24°C. Six hours after injection the 
host females were single-pithed down 
the spinal cord and the ventral surface 
of the body cavity opened. The ovaries 
were removed and suspended below the 
surface of frog Ringer’s solution. Ovula- 
tion occurred in this solution and by 
periodic counts until ovulation ceased the 
rate and total amount of ovulation was 
determined. 

Experiments.—On December 22, 1940 a 
volume of the pituitary hormone suspen- 
sion was prepared with a concentration 
of ten pituitaries per ml. In different 
volumes, doses of 0.3, 0.9, 1.8, 3.8 pitui- 
taries per female were injected. The 
maximum amount of ovulation occurred 
with 0.9 pituitary. An increase of the 
volume by four times (3.8 pituitaries) 
did not induce a greater amount of ovula- 
tion. (See fig. 1 open circles.) 

In subsequent experiments the volume 
of the injection was kept at one ml and 
the concentration varied from 0.1 to 8.0 
pituitaries per ml of suspension. The 
total amount of ovulation induced by 
these concentrations is shown in fig. 1. 

On February 2, we obtained a typical 
ovulation curve with pituitary gland 
equivalent doses of 0.2, 0.4, 0.6, 0.8, 1.0, 
and 3.5 pituitaries per ml. (See fig. 1 
solid circles.) In the concentration range 
between 0.4 and 0.8 pituitaries per ml 
the points fell along a straight line in- 
dicating that a direct proportionality ex- 
isted between the concentration of the 
hormone and the total number of eggs 
ovulated. Such a proportionality sug- 
gests that the method followed in these 
experiments may be of use as a biological 
assay for the amount of pituitary ovula- 
tion hormone in various tissues and solu- 
tions. On March 22 this relationship was 
confirmed within this same concentration 
range. (See fig. 1 inverted triangles.) 
That the curve had a different slope was 
probably due to the variability between 
different shipments of frogs. Ovulation 
reached a maximum at about 1.0 pitu- 
itary. This was shown to hold in the 
previous experiment and was also borne 
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out in later ones. It is significant that 
further increases in the dose even to 
eight pituitaries induced no greater 
ovulation. In the lower concentrations, 
i.e., from 0.1 to 0.4 pituitaries per ml, 
the points from five experiments all fell 
close to the typical curve indicating that 
the response is reproducible in this range. 

During March and April frogs showed 
increased variability in their response 
to hormone stimulation. Ovulation at 
this time did not follow closely the curve 
which was found to be typical in Febru- 
ary, the month considered by Rugh best 
for induced ovulation. Variation of re- 
sponse is caused at least in part by the 
following factors, more or less difficult 
to control: The maturity and size of 
the host female and of the ovary itse'f 
(Rugh found larger ovaries more suscep- 
tible to hormone stimulation); the 
amount of available moisture; the storage 
temperature; the approach of the normal 
breeding season at which time frogs are 
less responsive to artificial hormone 
stimulation. We attempted to control 
the second and third factors, i.e., the 
amount of moisture and temperature, by 
periodically soaking the frogs and by 
maintaining them at 5°C. 


Conclusions.—Using the method of 
ovulation in Ringer’s solution, the effect 
of pituitary concentrations on ovulation 
were studied. The results were as fol- 
lows: 

1. In the lower concentrations from 
0.1 to 0.4 pituitaries per ml the 
ovulation response was consistent 
and increased rapidly with concen- 
tration. 

2. In the concentration range from 
0.4 to 0.8 pituitaries per ml, the 
total ovulation was directly pro- 
portional to the concentration of 
the hormone. This proportionality 
suggests that, within this concen- 
tration range, a direct biological 
assay of the pituitary hormone can 
be made. 

3. The maximum amount of ovulation 
occurred at about 1.0 pituitaries 
per ml concentration of hormone. 
Increased concentrations did not 
induce significantly greater ovula- 
tion. 
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THE EFFECTS OF FORMALIN UPON DEVELOPMENT IN 
THE BAR-EYED RACE OF DROSOPHILA MELANOGASTER 


MARGARET BERNICE HINSHAW 


Carrollton, Illinois 


On June 18, 1936, fresh banana-agar- 
yeast food to which 5 c.c. of sorghum had 
been added was made and placed in 8 
dram homeopathic vials. Fleishman’s 
yeast was used. On the following day 
flies from Dr. Zeleny’s stock H357B of the 
bar-eyed race of Drosophila melanogaster 
at the University of Illinois were trans- 
ferred to it for egg-laying. On June 25 
twelve virgins were secured from these 
vials. They were mated, one pair being 
placed in each of twelve vials. They 
were examined to see that they did not 
vary in somatic characteristics to any 
great extent from normal for this species. 
When imagoes emerged from these mat- 
ings on July 6, 7, and 8, they were re- 
moved every 24 hours, those of the same 
age being put together in a vial. 

When the flies were five days old, they 
were put in one-half pint urinalysis bot- 
tles covered with milk bottle caps on 
which food had been placed 48 hours be- 
fore. Fifteen pairs were p!aced ir each 
bottle. One teaspoonful of powdered 
lamp black was added to the food for the 
purpose of facilitating egg transfer. A 
few drops of acetic acid were added also 
to stimulate egg laying. The flies were 
placed in an incubator of type 2 made by 
the Chicago Surgical and Electric Com- 
pany in a room in which the temperature 
is kept constant by steam coils and brine 
coils. The room temperature maintained 
was 25°C., varying not more than .5°C. 
at any time. The incubator temperature 
was 27°C. The flies were kept in the in- 
cubator two hours for egg laying. Two 
more egg laying periods of two hours 
length were conducted similarly. 

Preliminary experiments indicated that 
the lethal amount of formalin for eggs is 
in the vicinity of 1.5 c.c. of formalin to 
100 c.c. of water, in the food. It was 
decided to determine the effects of form- 
alin in the food 80%, 60%, 40%, and 20% 
below the lethal amount for eggs on the 
somatic characteristics of the adults. Dur- 
ing the periods of egg laying food was 
prepared containing the following propor- 
tions of formalin: 


1.2 c.c. of formalin to 100 c.c. of water 
.9 c.c. of formalin to 100 c.c. of water 
.6 c.c. of formalin to 100 c.c. of water 
.3 c.c. of formalin to 100 c.c. of water 

A control set was also prepared Shell 
vials of 20 dram capacity were used. One 
set of 5 vials was used for each concentra- 
tion of formalin. Twenty eggs were 
transferred to each vial by means of a 
dissecting needle, care being taken that 
the eggs being transferred to one set of 
vials came from one egg laying period. 
One hundred eggs were thus transferred 
to each set of vials having the same 
amount of formalin. These were kept in 
the temperature control room at a tem- 
perature of 25°C. The temperature did 
not vary more than a degree at any time. 

The adults that emerged were preserv- 
ed in 85% alcohol. The mean facet counts 
of the flies raised on food containing 
these different percentages of formalin 
and of those raised in the control set are 
given in table I. The eye facets were 
counted with a Leitz microscope with a 
number 4 ocular and a number 3 ob- 
jective. The facet count of the flies rais- 
ed in 80% of the lethal amount of forma- 
lin for eggs shows a definite drop in the 
number of eye facets. The number of 
flies that reached the adult stage, twelve, 
was too small to give conclusive evidence, 
however. The larvae, pupae, and adults 
appeared to be increasingly smaller as 
the amount of formalin was increased in 
the food. 

Later the experiment was repeated for 
the purpose of determining the effects of 
the various amounts of formalin upon the 
length of the different stages of the life 
cycle. Observations were made hourly 
after the eggs were transferred until they 
had hatched, and also at the time of 
change from larva to pupa, and from 
pupa to adult. There seems to be little 
correlation between the amount of forma- 
lin in the food and the length of the egg 
stage. The lower concentrations of forma- 
lin seem to have more effect on the length 
of the egg stage than the higher concen- 
trations. The controls hatched before 
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TABLE I. 
Percent of Amount 
lethal of Number Mean 
amount of formalin Sex of facet Probable|Standard 
formalin used flies count error |deviation 
used (C. C.’s) 
Ms een be Males... 4 he El RRR IE ae 
Females. 8 ES ee OP pee cee 
RE ss sane eee 9 Males... 28 65.78 20 8.28 
Females. 40 62.62 13 7.85 
9Oe. Suse esos 6 Males... 22 71.95 35 11.70 
Females. 28 60.89 25 10.59 
< | SRT ete gE RA MTC > 3 Males... . 26 68.50 26 10.20 
Females. 45 66.00 11 7.38 
CIO... 2 os oo None Males... 24 70.50 63 22.36 
Females. 22 65.18 21 6.90 























any of those in food containing formalin. 

The mean length of the larval period 
of flies in the control set was 84.82 hours, 
while the mean length of the larval pe- 
riod of those in food containing .3 cc. of 
formalin was 11.64 hours shorter. The 
mean length of the larva period of those 
in food containing .6 cc., .9 cc., and 1.2 
ec. of formalin had larval periods 40.54 
hours, 169.2 hours, and 192.45 hours 
longer than that of the control set, re- 
spectively. 

The mean number of hours in the 
pupal stage was increased 2.47 hours in 


food containing .6 cc. of formalin, and 
1.99 hours in food containing .9 cc. of 
formalin. Higher amounts of formalin 
killed the pupae. 

The length of ten pupae which develop- 
ed in each percent of the lethal amount of 
formalin was measured by means of an 
ocular micrometer, and the average 
length was computed. Table II shows 
the average length of the pupae measur- 
ed. There was a definite decrease in the 
length of the pupae with a corresponding 
increase in the amount of formalin in the 
food. 











TABLE II. 

Percent of lethal Amount of Average length 

amount of formalin formalin in food of pupa cases 

in food C. C.’s) in millimeters 
Controls None 3.42 
Maps aie es cae Me eR eu cer ear KD seats 3 3.05 
RSE Are ity oir e neu eer ames ear oe ee 6 2.68 
Ui ors fe ae aaa as ee Re ee ek we a 9 2.39 
| EE ESN eee Spy Ree go Oo are | We 2.30 
1 SE SORE SVU cha igrine wich, eneha nay atte 1.5 2.24 











The conclusions drawn from these ex- 
periments are summarized as follows: 


1. The lethal amount of formalin for 
eggs of this race of Drosophila is in the 
vicinity of 1.5 cc. to 100 cc. of water in 
the food. 


2. The eye facet number is increased 
slightly by 20% of the lethal amount of 
formalin, and definitely decreased by 60% 
or more of the lethal amount of formalin. 


3. The length of the egg stage is in- 
creased by 20% and by 40% of the lethal 
amount of formalin in the food. 

4. The lengths of the larval and pupal 
periods are increased by 40% or more of 
the lethal amount of formalin in the food 
on account of retarded development. 


5. The size of larvae, pupae, and 


adults is reduced in direct proportion to 
the percent of the lethal amount of forma- 
lin in the food. 
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DISTRIBUTION OF UPLAND BIRDS IN ILLINOIS 


S. CHARLES KENDEIGH 


University of Illinois, Urbana, Illinois 


According to the life-zone concept of 
Merriam and others, distribution of birds 
falls into natural units consisting of 
great trans-continental belts. Seven of 
these zones have been described for 
North America, each bounded on the 
north and south by isotherms of tem- 
perature. With the recognition that dif- 
ferent species occurred in the west as 
compared with the east, certain zones 
were subdivided at about the 100° merid- 
ian on the basis of differences in humid- 
ity and rainfall. If one follows this con- 
cept the state of Illinois falls mostly in 
the eastern Carolinian Faunal Area of 
the Upper Austral Zone. The Transition 
Zone enters the state on the north and 
the Lower Austral Zone on the south, 
but the extent of penetration appears to 
be a matter of personal judgment. Such 
a concept is unsatisfactory for analyzing 
the distribution of the three hundred or 
so species of birds that occur, as it pre 
supposes a uniform occurrence of a ¢if- 
ferent group of species in each section of 
the state with their distributional bound- 
aries determined only by temperature. 

Doubtlessly temperature does affect the 
distribution of birds. For instance the 
chuck-wills-widow, Carolina chickadee, 
Bewick wren, mockingbird, sycamore 
warbler, Kentucky warbler, hooded war- 
bler, summer tanager, Bachman’s spar- 
row and others are found more commonly 
during the breeding season in the south- 
ern portions of the state, and the black- 
capped chickadee, swamp sparrow, bobo- 
link, clay-colored sparrow, and savannah 
sparrow are mostly confined to the north- 
ern portion. Very likely all species have 
limits of tolerance to extreme tempera- 
tures, but these limits vary widely be- 
tween species. When temperature con- 
trols distribution there is little agree- 
ment between different species in exact 
limits of distribution. Likewise correla- 
tion between distributional boundaries 
and isotherms does not prove that tem- 
perature is the controlling factor without 
supporting experimental evidence. For 
instance, the northward dispersal of the 


Bewick wren appears limited by competi- 
tion with the house wren, rather than by 
the direct influence of any physical en- 
vironmental factor. 

In seeking units of significance for the 
analysis of distributional phenomena, it 
is best to utilize the organisms them- 
selves rather than any combination of 
environmental factors. Unless distribu- 
tion limits show some harmony and cor- 
relation, then distributional units, as 
such, do not exist in nature. Actually, 
plants and animals do exhibit fundamen- 
tal distributional interrelations in the 
form of biotic communities. These com- 
munities give the most substantial basis 
for interpreting distribution. Exclusive 
of aquatic areas, two major communities 
or biomes are represented in Illinois: 
the forest and the prairie. Their occur- 
rence in the state is shown in fig. 1 which 
was prepared originally by the Illinois 
State Natural History Survey’. The 
limits of the constituent avian species are 
controlled by a complex of environmental 
conditions, in which moisture, light, and 
vegetation are especially important. 

In addition to these climax communi- 
ties, there are numerous disturbed areas 
and subclimax or developmental com- 
munities. Most of the prairie has been 
destroyed for purposes of agriculture or 
has been greatly modified. Forests have 
been lumbered or grazing has been per- 
mitted so that they no longer repre- 
sent original conditions. Marshes, lakes, 
and rivers are subclimax, but if left alone, 
the smaller lakes and ponds will gradu- 
ally become choked with vegetation and 
transformed into communities similar to 
those now on the upland. Meanwhile 
they have a varied and characteristic 
bird fauna of ducks, grebes, coots, rails, 
gallinules, bitterns, herons, and several 
species of song birds. 

From studies carried out in Trelease 
Woods at the University of Illinois, a 
typical list of species occurring in an up- 
land forest in approximate order of their 
abundance is as follows: indigo bunting, 
starling, red-eyed vireo, crested flycatch- 


? Telford, O. J., Bull. Ill, Sta. Nat. Hist. Surv., 16, 1926: I-VI, 1-102. 
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Fig. 1.—Map showing original distribution 
of forest (stippled areas) and prairie (clear 
areas) in Illinois. 
er, downy woodpecker, tufted titmouse, 
wood pewee, red-headed woodpecker, wood 
thrush, cardinal, yellow-throat, yellow- 
billed cuckoo, white-breasted nuthatch, 
barred owl, and Carolina wren. In addi- 
tion other species occur in irregular num- 
bers. Total abundance of all species 
averages between two and three birds 
per acre (Twomey, Hyde, MS). 

Extensive tracts of original prairie are 
difficult to find. Abandoned fields and 
railroad rights-of-way sometime resemble 
prairie both in appearance and composi- 
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tion. Representative prairie species that 
both feed and nest in grassy habitats in- 
clude marsh hawk, ring-necked pheasant, 
prairie chicken, upland plover, horned 
lark, meadowlark, bobolink, dickcissel, 
and grasshopper sparrow. These are not 
listed in the order of their abundance. 
Total abundance of all species may lie 
between one and one and a half birds per 
acre’? which is considerably less than in 
the forest. In disturbed farmland, pas- 
tures, plowed ground, and crops, abund- 
ance may drop to one bird per two acres. 

Greatest numbers of birds may be 
found in the forest-edge, or ecotone where 
forest and open field meet and interdigi- 
tate, for here there is a greater variety 
of habitats, and birds may take advan- 
tage of favorable features in more than 
one. Many of our towns and villages, or- 
chards, cemeteries, shrubby fields, and 
woodlots are essentially forest-edge habi- 
tats. Abundance commonly averages 
three or more birds per acre and includes, 
in addition to some species listed for the 
forest and prairie, the sparrow hawk, bob- 
white, mourning-dove, flicker, red-headed 


woodpecker, kingbird, blue jay, house 
wren, catbird, brown thrasher, robin, 
bluebird, English sparrow, bronzed 


grackle, Baltimore and orchard orioles, 


goldfinch, and field sparrow. 


The presence of extensive forest-edges 
was characteristic of early Illinois. Birds 
were probably always numerous as a con- 
sequence, and except for the starling, 
English sparrow, and ring-necked pheas- 
ant, were probably of the species above 
enumerated. The present paper is in- 
tended merely to introduce the ecological 
approach to the study of bird distribu- 
tion in the state. There are needed many 
more intensive studies in all habitats to 
determine the occurrence of species, their 
actual abundance, fluctuations from year 
to year, interrelations for territory and 


food, nesting habits, rates of reproduc: 


tion and mortality, migration phenomena, 
and relations to man. 


? Forbes and Gross, Bull., Ill. Sta. Nat. Hist. Surv., 14, 1922, 187-218. 
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NOTEWORTHY RECORDS OF OCCURRENCE OF MAMMALS 
IN CENTRAL ILLINOIS* 


E. J. KoESTNER 


University of Illinois, Urbana, Illinois 


A revived interest, on the part of sev- 
eral zoologists, in the mammals of IIli- 
nois prompts me to place on published 
record the following selected information. 
This information comprises mainly rec- 
ords of occurrence which better indicate 
the geographic ranges of several species. 
The catalogue numbers given refer to 
those of the writer’s private collection. 

I am grateful to M. J. Soran and James 
Francis for assistance in the trapping 
which yielded some of the information 
given below, and to E. Raymond Hall, 
University of California, Berkeley, for 
suggestions and advice. 

Myotis lucifugus lucifugus (Le Conte), 
LITTLE BROWN BAT.—One was taken on 
July 21, 1939 flying on the east edge of 
Brownfield Woods (R. 9 E., T. 20 N., Sec. 
34) in Champaign County (No. 250). The 
species has hitherto not been recorded for 
this county although Wood (1910) men- 
tions specimens in the State Natural“ His- 
tory Survey Collections with data want- 
ing. The identification has been verified 
by C. C. Sanborn of the Field Museum. 

Lasionycteris noctivagans (Le Conte), 
SILVER-HAIRED BAT.—QOne was received 
from M. J. Soran, who obtained it in a 
tree in the day time in Piper City (R. 9 
E., T. 27 N., Sec. 4). This provides the 
first record for Ford County (No. 258). 
The writer shot others at Brownfield 
Woods in Champaign County on Septem- 
ber 18, 1940, and later. Collections of 
bats were made there at other times 
during the summer, but September 18 
was the first date on which the species 
was found. Probably these individuals 
were migrating (Nos. 353, 354, 358, 359). 

Pipistrellus subflavus (F. Cuvier), 
GEorRGIAN BAT.—Of this species, Wood 
(1910:596) writes, “If it occurs in the 
northern part of Illinois it must usually 
be rare. Either the species is often over- 
looked or its distribution is very uneven 
over most of its range.” Only one speci- 
men of the Georgian bat was taken in a 
summer’s collecting at Brownfield Woods, 


Champaign County. This one was shot fly- 
ing on September 16, 1940. It is the first 
record for the county and is the northern- 
most for Illinois, although it has been 
taken in more northern states (No. 349). 

Lasiurus borealis (Miiller), Rep Bpat.— 
The red bat is the species most often 
seen flying in towns in residential dis- 
tricts where there are a considerable 
number of trees. It is one of the first 
to appear in the evening. Often it 
emerges when there is still enough light 
for a person to see its color easily. I 
took one specimen in Piper City, Ford 
County, flying and feeding at 3 A. M., 
and many others were seen flying about 
street lights at this time. This is the 
most common species in Champaign-Ur- 
bana, while in Brownfield Woods, a red 
oak-maple virgin forest, it is much less 
abundant (No. 256). 

M. J. Soran and I collected fifteen of 
these bats which were trapped in the 
fresh oil on a road in Piper City, Ford 
County (Nos. 338-348). The bats, to- 
gether with birds of several species, 
were picked up in midafternoon from the 
heavily oiled road which was well shaded 
by trees. Most of the bats were taken 
within a distance of 500 feet and when 
washed with gasoline all proved to be 
this species. Probably the bats mistook 
the oil for water and were flying to dip 
into it. The majority of the bats were 
alive although they were completely cov- 
ered with oil, which coated also the lin- 
ing of the mouth. Those exposed to the 
direct rays of the sun were dead. 

Lasiurus cinereus (Beauvois), Hoary 
BAT.—Wood (1910) assumed this species 
was present in Champaign County, but 
mentions no specimens. The writer shot 
one along the edge of Brownfield Woods, 
Champaign County (No. 335). 

Nycticeius humeralis (Rafinesque), 
RAFINESQUE’S BAT.—This species was in- 
cluded in Wood’s list although he made 
no mention of specimens, and Sanborn 
(1930) records the first one from Cham- 


* Contribution from the Zoological Laboratories of the University of Illinois, No. 593. 
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paign County. The writer collected speci- 
mens in Brownfield Woods. There, it was 
the most abundant species and was found 
throughout the summer. The presence 
of large numbers of both adults and 
young indicates that the species breeds 
there (Nos. 251-253, 322, 327, 329-331, 333, 
335, 357). 

Procyon lotor lotor (Linnaeus), Rac- 
coon.—Three skulls of young females 
were obtained for me by M. H. Goodrich 
about six miles north of Piper City in 
Ford County (R. 9 E., T. 27 N., Sec. 2) 
near a brush pile along a stream. In 
Ford County suitable cover for raccoons 
is scarce (Nos. 393-395). 

Mustela rixosa allegheniensis(Rhoads), 
LEAST WEASEL.—The least weasel is not 
often taken in [Illinois although it is 
probably more generally distributed 
than records indicate. Fur-trappers 
frequently tell of taking small or young 
weasels which they rarely, if ever, save 
because of the slight fur value. The 
writer was privileged to examine the 
skull of a male least weasel taken in a 
sunken basement window in La Grange, 
Cook County, Illinois in the autumn of 
1939. The skull and the mounted skin 
are in the possession of Glenn Ulrich of 
Western Springs, Illinois. The identifica- 
tion was verified by E. Raymond Hall. 

Synaptomys cooperi gossii (Coues), 
Goss LEMMING MOUSE.—Howell (1927:1) 
writes: “Synaptomys is not common in 
collections, but it is by no means certain 
that it is not more numerous in nature 
than is generally supposed. Except in a 
very few places, or in years of unusual 
abundance, lemming mice have proved 
exceedingly difficult to obtain in num- 
bers.” Wood (1910:559) says “this 
species seems to be the rarest of the 
small mammals—or, at least, the one 
most seldom trapped.” He further states 
that the only specimens he had were two 
(one without head) found dead near 
Urbana. He was unable to get additional 
individuals by trapping in the same area. 

The writer collected four specimens of 
this species in December two miles west 
of Seymour, Champaign County (R. 7 E., 
T. 19 N., Sec. 18) within a few hundred 
feet of the Champaign-Piatt county line. 
The exact place was in a quadrat that 
had been trapped over in the previous 
year by the same method, without indica- 
tion of the presence of this species. The 
same general area had been trapped 
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yearly for short periods by ecology 
classes from the University for ten or 
more years and no other specimens were 
ever reported. 


The first specimen, a half grown male, 
was taken on December 10, 1940, on the 
fifth day of trapping in a quantitative 
plot. It was dead when found although, 
it was caught in a live trap. Large num- 
bers of Microtus ochrogaster (Wagner), 
Peromyscus leucopus noveboracensis 
(Fischer), Cryptotis parva (Say), Mus 
musculus (Linnaeus), and a few indi- 
viduals of some other species of small 
mammals were taken here in the four 
days preceding. A female was taken on 
December 15 on the second day of trap- 
ping in a second plot, located about 100 
feet west of the first. A lactating female 
was taken on December 20, and an adult 
male on the following day. The food in 
the stomachs and intestines of this spe- 
cies was uniformly green-colored, indicat- 
ing that the animals feed largely on 
green vegetation even at this time of 
the year. The green vegetation present 
was mostly blue grass (Poa pratensis L.). 
The specimens were identified by Donald 
M. Hatfield. of the Chicago Academy of 
Sciences (Nos. 364, 371, 374, 375). 


The trapping which provided the rec- - 


ords mentioned above for Ford County 
has naturally yielded species of com- 
moner occurrence and more general dis- 
tribution. Those of which the writer has 
specimens (*), or has handled fresh 
specimens are as follows: 


*Didelphis virginiana Kerr 

*Scalopus aquaticus machrinus (Raf- 
inesque) 

*Blarina brevicauda (Say) 

*Lasionycteris noctivagans (Le Conte) 

*Lasiurus borealis (Miiller) 

*Procyon lotor lotor (Linnaeus) 

*Mustela frenata noveboracensis (Em- 
mons) 

*Mustela vison mink (Peale and Beau- 
vois) 

Mephitis mephitis avia Bangs 

*Vulpes fulva (Desmarest) 

*Citellus tridecemlineatus tridecemli- 
neatus (Mitchill) 

*Citellus franklinii (Sabine) 

Sciurus niger rufiventer (Geoffroy) 

*Peromyscus maniculatus bairdii (Hoy 
and Kennicott) 

*Peromyscus leucopus noveboracensis 
(Fischer) 
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Ondatra zibethica (Linnaeus) 

Rattus norvegicus (Erxleben) 

*Mus musculus (Linnaeus) 
*Sylvilagus floridanus mearnsii( Allen) 
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DISTRIBUTION OF ILLINOIS MAMMALS 


Cart O. MoHR 


Illinois Natural History Survey, Urbana, Illinois 


At least 53, and possibly 55, species of 
mammals are know to occur wild in Illi- 
nois, and at least two dozen can be found 
in any community. Thirty-two species 
are either known to be present in every 
county (table 1) or are very likely to 


be found in most counties (table 2), al- 
though several bats occur there only 
during part of a year when migrating. 
Most mammals, including the furbearers, 
occur within sight of the limits of every 
city, even of Chicago. 


TABLE I1—MammMats Known TO Occur IN Every CoUNTY 


Possum, Didelphis virginiana Kerr 
Coon, Procyon lotor (Linn.) 

Long-tailed weasel, Mustela frenata Licht. 
Mink, Mustela vison Schr. 

Skunk, Mephitis mephitis Schr. 

Red fox, Vulpes fulve Desm. 


Fox squirrel, Sciurus niger Linn. 


Muskrat, Ondatra zibethica Linn. 
House rat, Rattus norvegicus Erx. 
House mouse, Mus musculus Linn. 


Cottontail rabbit, 
Allen 


Sylvilagus floridanus 


Little brown bat, Myotis lucifugus 
(LeC.) 


TABLE II—MAaMMALS KNOWN TO OccuR IN ALL But A Few SCATTERED COUNTIES 


Prairie mole, Scalopus aquaticus (Linn.) 
Old-field shrew, Cryptotis parva (Say) 
Mole-shrew, Blarina brevicauda (Say) 


Little long-eared bat, Myotis keenii 
(Merr.) 


Twilight bat, Nycticeius humeralis 
(Raf.) 


Gray fox, Urocyon cinereoargenteus 
(Schr. ) 


Woodchuck or groundhog, Marmota 
monaz (Linn.) 


Chipmumk, Tamias striatus (Linn.) 


Gray squirrel, Sciurus carolinensis Gmel. 


Flying, squirrel, Glaucomys volans 
(Linn.) 


Prairie deermouse, 


Peromyscus 
culatus (Wagn.) 


mani- 


Silver-haired bat, Lasionycteris noctiva- 
gans (LeC.) 


Deep-cave bat, 
(Cuv.) 


Big brown bat, Eptesicus fuscus 
(Beauv.) 


Red bat, 


Pipistrellus subflavus 


Nycteris borealis (Mull.) 


Hoary bat, Nycteris cinerea (Beauv.) 


Woodland deermouse, Peromyscus leu- 
copus (Raf.) 
Lemming mouse, Synaptomys cooperi 


Baird. 


Mole mouse or pine mouse, Pitymys 
pinetorum (LeC.) 


Prairie meadowmouse, 
gaster (Wagn.) 


Microtus ochro- 


Jumping mouse or kangaroo mouse, 
Zapus hudsonius (Zimm.) 








230 


Generally speaking, our Mmammais are 
confined either to woodlands and their 
associated brushy margins, or to prairies 
and fields, and are accordingly most 
abundant where there are extensive habi- 
tats suitable to them. Squirrels, for ex- 
ample, are most common in our extensive- 
ly wooded southern, western and south- 
western counties while muskrats are 
most common in prairie areas (fig. 1, 
muskrat). Each species, however, is @ 
law unto itself in the matter of distribu- 
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tion because no two select exactly the 
same type of habitat. This is illustrated 
by the bag and distribution of squirrels, 
In the extensively wooded southern coun- 
ties, squirrel hunters average from ten to 
twenty times more each year than those 
in the lightly wooded prairie counties 
according to hunter’s reports (Fig. 1, 
squirrels) .* 

Fox squirrels, which prefer’ thin 
stands of woods, outnumber gray squir- 
rels in the northern half of Illinois where 


TasLe III—MammMats WHICH OccuR WipeELy ONLY IN COUNTIES IN THE NORTHERN 
TWO-THIRDS OF ILLINOIS 


Coyote, Canis latrans Say 


Striped ground squirrel, 
Citellus tredecimlineatus (Mitch.) 


Franklin’s ground squirrel, 
Citellus franklinii (Sabine) 


Pennsylvania meadowmouse, 
Microtus pennsylvanicus (Ord) 


TABLE IV.—MamMMALS KNOWN TO OccUR ONLY IN A Few Tiers oF COUNTIES IN 
SOUTHERN ILLINOIS 


Bachman’s shrew, 
Sorex longirostris Bach. 


Gray bat, 
Myotis grisescens Howell 


Pink bat, 
Myotis sodalis M. & A. 


Otter, 
Lutra canadensis Schr. 


Bobcat, 
Lynz rufus (Schr.) 


Beaver, 
Castor canadensis Kuhl. 


Cotton mouse, 
Peromyscus gossypinus (LeC.) 


Golden mouse, 
Peromyscus nuttalli (Harl.) 


Rice rat, 
Oryzomys palustris (Harl.) 


Woodrat, 
Neotoma floridana (Ord) 


Swamp rabbit, 
Sylvilagus aquaticus Linn. 


Big-eared bat, 
Corynorhinus rafinesquii (Less) 


TABLE V.—MAMMALS OF PECULAR AND RESTRICTED DISTRIBUTION 


‘ 
Masked shrew, 


Sorex cinereus Kerr. Chicago region. 


Least weasel, 
Mustela rixosa Bangs, so far found only 
in northeastern counties. 


Badger, 
Tazxidea taxrus Schr., common in coun- 
ties in the northern third of Illinois. 


Pocket gopher, 
Geomys illinoensis K. & S. Present in 
a few counties in the heart of Illinois, 


south and east of the Illinois-Kankakee 
rivers. 


Jack rabbit, 
Lepus townsendii Bach. Present in 
half a dozen counties in the northwest 
corner of Illinois. 


White-tailed deer, 
Odocoileus virginianus (Bodd.). Chiefly 
in extreme northern and extreme south- 
ern Illinois. 


* The writer is indebted to Director Livingston Osborne, Mr. Lewis G. Martin and Mr. J. V. Maloney 
of the Department of Conservation for the loan of both hunters’ and trappers’ reports upon which are 
based tle maps and generalizations about distribution of the bag of game mammals and furbearers. From 


these reports, the average number of animals bagged was calculated and transferred to maj 


such a way that counties having the largest bag would also have the greatest concentration of dots. 
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extensive cutting and heavy pasturing 
have spoiled the woods for the latter. 
During the writer’s extensive travels on 
biological surveys of Illinois, for ex- 
ample, he has observed fox squirrels at 
157 localities, (fig. 1, fox squirrel), 73 
per cent of them in the northern half of 
the state while observing gray squirrels 
at 48 localities (fig. 1, gray squirrel) only 
54 per cent of which Were in the north- 
ern half of Illinois. 

The bulk of the fox squirrel popula- 
tion lies north of a relatively sharp line 
of demarcation running east and west, 
just south of the middle’ of the state aud 
approximately separating the best black 
soil area from the poorer yellowish soils. 
Only 40 per cent of the squirrels observed 
south of this line were fox squirrels 
while 60 per cent were gray squirrels 
which require heavy stands of timber. 


Conversely only 30 per cent of the squir- 
rels observed north of this line were gray 
squirrels while 70 per cent were fox 
squirrels. 

Each of the predatory furbearing spe- 
cies also shows similar striking prefer- 
ence for some special area, no two species 
having exactly the same distribution pat- 
tern although all occur in greatest abund- 
ance in wooded or brushy counties. 

The margins of the ranges of less 
widely distributed species are very poor- 
ly known at present, but it is possible to 
give a rough idea of the general distribu- 
tion of each. Future collecting and ob- 
servation, particularly in marginal coun- 
ties, will contribute much toward more 
exact knowledge about the exact pattern. 

Star-nosed moles have not been collect- 
ed in many years and may now be ex- 
tinct. 





BACTERIAL RESPONSE TO GROWTH STIMULANTS* 


SEwarD E. OWEN 


Cancer Research Unit, Veterans’ Administration, Hines, Illinois. 


This report presents the results of 
a study on growth rates and fermentative 
power of bacteria as influenced by car- 
cinogenics and by tissue growth promot- 
ing substances. 

The effects of the carcinogenics on bac- 
terial growth has been little studied, al- 
though Goldstein (1) suggested accelera- 
tion of bacterial reproduction as a pos- 
sible microbiological test for the carcin- 
ogenic hydrocarbons. The intermediate 
life forms as yeast, Cook et al (2), ma- 
rine hydroids, Hammett and Reimann 
(3), the planarians and plant rootlets, 
Owen et al (4) have been utilized and 
growth was enhanced by the carcino- 
genics in all instances. 

Growth and regeneration stimulation 
are not specific properties of the carcino- 
genics. The mechanisms of tissue growth 
are altered by the carcinogenics. Cook 
et al (5) noted a reversal of the respira- 
tion effect on yeast, from that of stimula- 
tion to inhibition in the carcinogenic con- 
centration range most effective for 
growth promotion. Wright and Ander- 
son (3) found a soluble oxidation product 
of 1:2:5:6 dibenzanthracene to stimulate 
growth of Fusarium lini and also to cause 


a more rapid utilization of glucose. The 
same carcinogen has been noted as de- 
pressing the respiration rate of brain, 
spleen and liver by Pourbaix (6). 

Allantoin is mentioned by Macalister 
(7) as effective in the promotion of heal- 
ing with rapid granulation in chronic 
ulcers. Urea was employed in treating 
wounds by Symers and Kirk (8). Pre- 
viously urea had been shown to be a 
bactericide, Ramsden (9) and Peju and 
Rajat (10). Various explanations for the 
apparent growth stimulating effects of 
urea and allantoin have been offered. 
Aside from the bacteriostatic action as 
shown here a most plausible explanation 
exists in the fact that urea releases free 
sulphydryl from tissue proteins, Owen 
(11). Allantoin through its slow re- 
lease of urea apparently acts similarly 
as Greenstein (12) has shown guanidine 
and its derivatives to do. 

With reference to larval preparations 
of the blow fly (Lucilia sericata) Rob- 
inson (13) believes the wound healing 
action to be due to the allantoin content. 
The urea content of larval preparations 
is not the sole bacteriostatic agent as 
removal of this agent by hot alcoholic 


* Published under R & P. 6727, Veterans’ Administration. 
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extraction does not eliminate all of the 
bacteriostatic action of the larval resi- 
due. 

It seems that simple organisms as bac- 
teria might provide suitable life forms 
on which to study and possibly standard- 
ize growth stimulating agents and the 
carcinogenics. 

Experimental.—For the study a culture 
of Bacillus coli communior was utilized 
as this organism displays fermentative 
powers on the mono and disaccharides. 
The basic media consisted of three grams 
of beef extract, five grams of peptone and 
eight grams of sodium chloride per liter. 
The sugar medias were made by adding 
one per cent of the wanted sugar to the 
above media before final sterilization. 
Ten tubes of each media comprised each 
test and the tests were run in duplicate. 
The concentrations of the substances 
tested were as follows: urea .5%, allan- 
toin .25%, larval filtrates 1%, ether and 
alcohol extracts of dessicated larvae—the 
extractive from two grams placed in 
thirty c. c. of water, well shaken and 
filtered. Cysteine hydrochloride, gluta- 
thione, indole acetic acid stock solutions 
were 1:100,000. From .1 to 1c. c. of the 
above solutions were added to five c. ec. 
of media. The carcinogenics were added 
directly to the media in solid formr so as 
to give saturated solutions. Steriliza- 
tion was done by filtration and by auto- 
clave, each method giving similar re- 
sults. 


TarLE A.—Showing the effects of growth 
terial growth rates. 


volumes. 
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The test inoculations consisted of .01 
c. c. of a twenty-four hour culture in 
nutrient broth. To determine the amount 
of bacteria in the resulting twenty-four 
hour cultures resort was had to Hopkins 
tubes. These were centrifuged for thirty 
minutes at 2030 revolutions per minute. 

The results obtained (table A) are 
given as the quotient of experimental 
test volume of bacteria over the bacterial 
volume in the control tubes. Average 
bacterial volumes from ten tubes for each 
substance were used in constructing the 
table. 

By the use of the ordinary fermenta- 
tion tubes the carbohydrate usage ap- 
peared not significantly altered by the 
presence of the carcinogens or growth 
stimulating agents when these were cor- 
related with final volumes or amounts of 
bacteria. 

The ether and alcohol extracts as well 
as the residues of dessicated larvae gave 
positive tests for free sulphydryl by the 
phosphotungstate procedure. 

Discussion.—A bacteriostatic action is 
displayed by urea, allantoin and by lar- 
val preparations. This action is suffi- 
cient to overshadow any bacterial growth 
stimulating properties inherent in these 
substances. Urea and possibly also al- 
lantoin and larval preparations release 
free sulphydryl on contact with suitable 
proteins. The carcinogenics do not do 
this. These growth stimulants and car- 
cinogens do give lowered potentials in 


stimulants and of carcinogenics on bac- 


Figures represent quotient obtained from test bacterial 
volume over control bacterial volume. 


24 hour cultures and Hopkins tube 














Media used 
Substance tested in the culture 

Nutr. Broth. | Dextr. Broth. | Sacchr. Broth. 
aN eu ee ar oe a a .645 .710 .690 
DE ee ena aa Na a. .614 .661 .620 
Larva, dessicated, autoclaved............. .560 .580 .630 
a, dessicated, extract................ .700 -755 .610 
Larva, dessicated, ether ext. of........... 1.07 .925 .950 
Larva, hot alcohol extract of............. .632 .685 .730 

Mee ih i oa uw viaanca 1.16 eae 1.00 

a od sv vce viele 1.00 .98 1.05 

Racist kick nscenaeeyee 975 1.00 1.23 

nee Se eee .994 1.26 1.32 

a I rat is. oe ote whee 42 .49 .52 

| Lae cea renee erare ee .58 .60 .44 
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solutions as compared to buffer controls 
Owen (14). The carcinogens 1:2:5:6 
dibenzanthracene and benzpyrene display 
no bactericidal nor bacteriostatic action 
in nutrient broth but both accelerate 
bacterial growth rates in media contain- 
ing saccharose. 

Tissue growth and wound healing in 
the instances of urea, allantoin and lar- 
val preparations is most likely a com- 
bination of the bacteriostatic and sulphy- 
dryl releasing properties of these when 
placed on open wounds. In contrast the 
tissue growth promoting properties of 
the carcinogens cannot be similarly ex- 
plained. These results would indicate 
that urea, allantoin and larval prepara- 
tions might safely be used in dressings 
of chronic wounds including the malig- 
nancies. 


SUMMARY 


1. Urea, allantoin and larval prepara- 
tions exhibit a bacteriostatic action in 
concentrations non-toxic to tissues. 


2. The carcinogens do not show a 
bacteriostatic action and in saccharose 
containing media, stimulate bacterial 
growth rates. 


3. The mechanism of tissue growth 
stimulation of urea, allantoin and larval 
extracts appears to differ chemically from 
that of the carcinogenics. 


Note: Thanks are expressed to Dr. 
Max Cutler for his kind encouragement 
and for aid in the preparation of this 
paper. 
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RELATIVE ABUNDANCE OF CYCLOCEPHALA IMMACU- 
LATA AND C. BOREALIS AT URBANA 


GARLAND T. RIEGEL 


eS 
State Natural History Survey, Urbana, Illinois 


Damage to crops. and lawns by “annual 
white grubs” or “false June beetles” of 
the genus Cyclocephala has been reported 
at various times from North and South 
America and the West Indies. Injury is 
similar to that of ordinary June beetles 
of the genus Phyllophaga and other re- 
lated Scarabaeids. Valuable plants at- 
tacked by the grubs are corn, wheat, oats, 
barley, sugar cane, sunflowers, straw- 
berries, and the grasses of pastures, 
lawns and golf courses. As early as 1887 
these beetles had been studied under IIli- 
nois conditions by Dr. S. A. Forbes. 

At Urbana during the summers of 1937 


and 1938, while engaged on a light trap 
project under the direction of Mr. W. P. 
Flint of the Natural History Survey, I 
became interested in the genus Cyclo- 
cephala and saved some of the specimens 
obtained the first year for a morphologi- 
cal study. It soon became apparent that 
two species were involved. Consequently 
in 1938 all specimens taken in the traps 
were preserved in order that something 
might be learned of the relative abund- 
ance of the two species. This informa- 


tion is desirable since there has been 
some confusion of the species in the 
economic literature. 
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Saylor (1937) in California and San- 
derson (1940) in Arkansas have recently 
published on the taxonomy of the group, 
with notes on distribution and abundance. 
The paper by the latter author is of 
especial interest to us in Illinois because 
of the species discussed. Hayes (1918), 
in Kansas, reporting on the life history 
of Cyclocephala immaculata (Oliv.) 
(misidentified as C. villosa Burm.), re- 
viewed the economic literature up to that 
time. More recently Neiswander (1938) 
has discussed villosa (now called bore. 
alis Arrow) as it occurs in Ohio. Be 
tween 1918 and 1938 scattered notices 
have appeared on the economic status of 
the grubs in various regions. 

Forbes (1891) stated that our only 
species of Cyclocephala in Illinois is im- 
maculata, and this idea seems to have 
persisted until quite recently. It is true 
that immaculata is the more abundant 
species in the region of Urbana, but 
borealis is also present in considerable 
numbers. 

During the season of 1938, 4,124 adult 
Cyclocephala were taken in 10 light 
traps located in the University of Illi- 
nois orchards not far from blue grass 
areas. Since the traps were of the elec- 
trocuting type, a few specimens were 
burned so that they could not be deter- 


mined even as to sex, but they were 
counted in the daily totals, fig. 1. Neis- 
wander in his Ohio light trap studies in 
1937 found that these insects were at- 
tracted to the traps in the ratio of 7 
males to 1 female. Yet at Urbana in 
1938 the ratio was 10.3 females to 1 male. 
This difference has no apparent explana- 
tion. The curve of seasonal abundance 
for both species of female Cyclocephala 
is shown in fig. 1. 

The two species, immaculata and bo- 
realis, are evidently very closely related 
and the females, especially specimens 
from electrocuting light traps, are often 
difficult to tell apart. So, for the sake 
of accuracy, our figures on relative abund- 
ance are based entirely on the males, 
fig. 2. 

Errors involved in light trap work have 
been competently discussed by Williams 
(1939, 1940) and others. While these 
are freely admitted, I do not believe they 
seriously affect a study of this type, be- 
cause these two species are so closely 
related and each has a one year life 
cycle. The same factors would appar- 
ently affect equally the light trap catch 
of both. Although a comparison based 
upon the catch of several years would 
undoubtedly be better, some idea of the 
relative abundance of the two species 
can be obtained from one year’s catch. 
However, it should be pointed out that 
these beetles have cycles of extreme 
abundance alternating with years when 
the population is relatively low as in 
1938, and the ratio between immaculata 
and borealis probably varies slightly 
from year to year. 

Of the male Cyclocephala taken in 10 
light traps at Urbana in 1938 immaculata 
outnumbered borealis in the ratio of 9.3 
to 1. It is interesting to note that the 
first male immaculata was taken on May 
23, and the last on August 21, while all 
the borealis appeared between June 21 
and July 10. 
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DISTRIBUTION OF ILLINOIS INSECTS 


HERBERT H. Ross 


State Natural History Survey, Urbana, Illinois 


The insect fauna of Illinois, estimated 
at approximately 20,000 species, brings 
out interesting generalities regarding the 
place of Illinois in the continental dis- 
tribution of species, the types of abode 
of insects within the State, seasonal suc- 
cession of species and their horizontal 
stratification. 

Within the State itself insect distribu- 
tion is influenced primarily by differ- 
ences in vegetation. This is a result of 
the close dependence upon specific host 
plants of a large number of insect species. 
Many species occur principally in open 
prairie; these same ones often frequent 
weed patches around cultivated land. An- 
other large set of species inhabits the 
forest, many of them actually feeding on 
various kinds of trees. Still a third large 
set prefers the forest edge region which 
occurs between the prairie and forest 
areas wherever these two are side by side, 
and which contains a wide variety of 
trees and shrubs, each harboring differ- 
ent insect species. 

A wide variety of insects range over 
the entire State in whichever general 


category they frequent. This includes 
many in which Illinois is in the heart of 
the species range, as in the case of the 
housefly and periodical cicada. 

Other species are more restricted and 
occupy small areas which are of a more 
special type. A few areas of unusual 
interest are (1) White Pines Forest State 
Park and Starved Rock State Park, 
unique in Illinois in having insects re- 
stricted to white pine; (2) glacial lakes, 
swales and marshes in extreme north- 
eastern Illinois, including many north- 
ern species which intrude into the Illi- 
nois fauna only in this area, fig. 1; (3) 
tamarack bogs in this same section with 
insect species restricted to this small 
area by either host preference or other 
limiting factors; (4) cypress swamps 
found in extreme southern Illinois, con- 
taining many insects intruding from the 
south, fig. 1, including species of crickets, 
plant bugs, and others which feed only 
upon cypress; and (5) the most diverse 
faunal feature of extreme southern IIli- 
nois, the Ozarkian Uplift. This has a 
wide variety of rock, hill, and meadow 
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situations, in addition to unique streams 
in which are many species of insects 
found nowhere else in the State. Many 
of these species are eastern or typically 
Ozarkian in general distribution. An ex- 
ample is the alder fly, Sialis joppa, whose 
known range is shown in fig. 1. In vari- 
ous parts of Illinois occur extensive 
tracts of blow sand and dunes; most not- 
able are those at Zion, along the shores 
of Lake Michigan, others near St. Anne, 
Savanna, Rock Island, Amboy and Ha- 
vana. These areas sustain a typical sand 
flora and fauna and account for the pres- 
ence in this State of many unique in- 
sect species. Most of these have a range 
centering in the western prairie, fig. 1. 

The place of Illinois in the continental 
range of its insect species is varied. In 
the case of a large proportion of its spe- 
cies Illinois is in the central part of the 
range, which may be wide or limited. 
In many other cases the species intrude 
into the State from ranges which center 
to the east, south, west or north. Ex- 
amples are given in fig. 1. So many in- 
trusive species of many diverse groups 
have been taken in the State that it is 


apparent that Illinois has an axial posi- 
tion in regard to many faunal regions 
of North America. 


Seasonal distribution of the insects 
within the State is tremendously com- 
plicated. Since Illinois has severe win- 
ters and hot summers, there is a very 
marked seasonal succession of species 
throughout the year. Hordes of insects 
are active during spring, summer, and 
fall. Others including springtails, stone- 
flies, and a few other aquatic insects, are 
active also during the winter months. 
Due to the difference in climate between 
northern and southern Illinois, this sea- 
sonal succession is very different in the 
two ends of the State. 


Equally complex is the distribution of 
Illinois insects among the various strata. 
Certain forms are adapted to spend their 
entire life cycle in the soil, others in 
the herbs, others in the shrubs and trees. 
Most insects, however, may be found in 
more than one stratum, frequently 
spending the larval stage in one, the 
pupal stage in another, and the adult 
stage in several. 





MODIFICATION OF A TROPISM IN LUMBRICUS 
TERRESTRIS 


Rosert J. WHeRRy, University of North Carolina, 


AND 


JAMES M. SANnpveERS, Chicago Teachers College, Chicago, Illinois 


The present experiment deals with an 
attempt to produce modification of re- 
sponse in the night crawler. It is well 
established that earthworms react nega- 
tively to intense illumination and to gal- 
vanic shock. An earthworm introduced 
into a T maze of which one side is lighted 
and one side darkened might be ex- 
pected to enter the darker compartment. 
If, however, the worm received a shock 
while in the dark and the shock were re- 
peated as the worm progressed further or 
remained quiescent it might eventually 
leave the dark. This was found to be 
the case. 

The subjects were large sized Lumbri- 
cus terrestris (10-12 inches). The maze 
was a T shaped box, each arm of which 
was 15 inches long. The bottom was 
covered with thick blotting paper which 


was soaked with water before each trial 
run. The source of light was a 40 watt 
frosted bulb with a white reflector. The 
lamp was suspended 3 inches from the 
floor. A partition extended down to 
within three-eighths inches of the floor 
between the illuminated arm and the 
darkened arm. The starting arm was 
open. Each worm was kept in a sepa- 
rate container, was taken out, washed, 
placed in the starting arm, given a light 
shock and the time recorded. The shocks 
were administered by electrodes on the 
floor. 

A worm was shocked further only if 
it advanced nine inches into the dark- 
ened chamber. Trial runs were made at 


the same time daily. Records were kept 
of elapsed time, numbeft of shocks, and 
directions of movement both initially and 
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throughout the trip. Near the conclusion 
of the experiments the maze was reversed 
in an attempt to determine whether there 
had been learning or merely lateral 
muscle training. 

The earthworms learned to avoid the 
dark and seek the light. This was indi- 
cated by the decrease in time required 
for the trial, decrease in number of 
shocks, an increase in the number of 
initial turns to the light, and finally by 
the behaviour in the maze. There were 
17 worms used in the experiments at the 
start but some were killed by overshock- 
ing, and other accidents, before the trials 
were finished. 

After 15 trips on successive days the 
average trip time was 2.5 minutes as 
compared with 5.2 minutes the first day. 
There are 98 chances out of a hundred 
that this difference was due to learning. 
The average number of shocks required 
to force the worms to the light decreased 
from 9 to 4 during 15 days. There are 
99 chances out of a hundred that this is 
not fortuitous. On the first day no worm 
made an initial turn to the light without 
the compulsion of shock and the per- 
centage of initial turns to the light for 
the first 6 days was 5.6 while from 15-19 
days inclusive the initia) turns to light 
averaged 44.3%. 

After the fifth day the worms were 
more likely to leave the dark upon re- 
ceiving a shock but as they drew near 
to the light they turned and re-entered 
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the dark where another shock was ad- 
ministered. This process was repeated 
until the worm went under the light. 
On the seventh day oscillating move- 
ments sometimes referred to as “selec- 
tion by random movement” were noticed. 
Light and dark were equally repellent. 

The individual record of worm No. 10 
seems to substantiate the value of our 
criteria. The first trip required 20 min- 
utes and 15 shocks while the 15th trip 
required 1 minute and 1 shock. For the 
first five trips the initial choice was dark 
and for the following 18 trips the initial 
choice of dark occurred only 4 times. 

To avoid the criticism that the worms 
learned a direction or followed a slime 
trail the experimental set was reversed 
on the 20th day. The record of number 
10 after the reversal showed an increased 
trip time. Trips had been consuming 
from one-half to one minute but the first 
day after reversal 3.5 minutes were 
needed and 8 shocks. On the 21st day the 
same trip was made in one-half minute 
and no shock was given. The initial turn 
to the light was voluntary. 


CONCLUSIONS 
1. Negative phototropism of Lum- 


bricus is subject to modification and i 


possible elimination under experimental 
conditions. 

2. This would indicate that tropisms 
may be partially acquired rather than 
entirely inherent. 





A CORRELATION BETWEEN THE RATE OF HEART BEAT 
AND THE STATE OF CERTAIN CHROMATOPHORES 
IN THE SHRIMP, PALAEMONETES 


Harotp H. ScuDAMORE 


Northwestern University, Evanston, Illinois 
and the 
Marine Biological Laboratory, Woods Hole, Massachusetts 


An ABSTRACT 


The first suggestion of a relationship 
between the state of the chromatophores 
and the rate of heart beat was made by 
Gamble and Keeble (1900). These in- 
vestigators found that the nocturnal 
phase (pigment’ concentrated) of the 
shrimp, Hippolyte varians, was accom- 


panied by a higher rate of heart beat 
than the day phase (pigment dispersed). 
It is now well established that the mi- 
gration of the pigment in certain chro- 
matophores of crustaceans, which re- 


sults in color changes, is controlled by 
hormones produced in the eye-stalks. 
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Fig. 1.—The rate of red pigment migration 

and the changes in the rate of heart beat in 
Palaemonetes when placed on black and 
white backgrounds. 
Recently, Welsh (1937) presented evi- 
dence to suggest that the rate of heart 
beat, at least in the crayfish, is also 
controlled by substances present in the 
eye-stalk. However, in later experiments 
(1939) he pointed out that the accelera- 
tion of the heart rate was due to acetyl- 
choline, present in the eye-stalk and other 
nervous tissue, rather than to the eye 
stalk hormones which controlled the pig- 
ment migration. Brown (1940) demon- 
strated that the source of the chromato- 
phore-activating substance was actually 
the sinus gland, located within the eye- 
stalks. 

The purpose of the experiments re- 
ported here was to ascertain whether the 
sinus gland has an effect on the heart 
rate, by determining whether or not 
there is a correlation between the rate 
of heart beat and the state of certain 
chromatophores in the marine shrimp, 
Palaemonetes vulgaris. The animals 
were placed in small dishes containing 
sea water, which was kept at a constant 
temperature (20° + .5°C.), and observed 
with a dissecting microscope. The rate 
of heart beat was determined with the 
aid of a stop watch. The state of the 
chromatophores was measured by the 
Chromatophore Index method, which 
consisted of assigning values ranging 
from 1 (pigment fully concentrated 
within the chromatophore) to 5 (pig- 
ment fully dispersed) (Brown and Scud- 
amore, 1940). Only the red chromato- 
phores showed a definite correlation with 
the rate of heart beat. This is an inter- 
esting observation since only the concen- 
tration of the red pigment seems to be 
entirely controlled by the sinus gland 
(Brown, 1940). 
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Experimental Results—To correlate 
the rate of heart beat and the state of 
the red chromatophores, observations 
were made with the animals placed on 
different colored backgrounds. In one 
group of experiments, animals were 
“black-adapted” by placing them in black 
dishes for four hours; these “black- 
adapted” animals were then transferred 
to white dishes and observed periodi- 
cally. The results of experiments on ten 
animals are illustrated in fig. 1. In the 
“black-adapted” animals, at the begin- 
ning of the experiment, the red pigment 
was fully dispersed (average Index 4.8) 
and the rate of heart beat low (209 beats 
per minute). On the white background, 
the pigment (curve A) gradually con- 
centrated into the center of the chroma- 
tophore (average Index 1.1), while the 
rate of heart beat (curve B) increased to 
295 beats per minute. The slopes of the 
two curves for the rates of change are 
similar. 


In another group of experiments, ten 
animals that had been “white-adapted” 
for four hours were transferred to black 
dishes and observed periodically. In this 
case the red pigment (curve C, fig. 1), 
which was concentrated at the beginning 
of the experiment (average Index 1.2), 
gradually dispersed to average Index 4.8; 
and the heart rate (curve D), which was 
high at first (291 beats per minute), 
gradually decreased to 206 beats per 
minute over a period of four hours. Here 
again parallel curves were found for the 
average rates of change. 


The rate of pigment migration in each 
case agrees with that reported by Brown 
(1935). In explaining these color 
changes, it has been suggested, that on 
a white background the red-pigment- 
concentrating hormone is liberated into 
the blood stream; this causes a concen- 
tration of the red pigment, and, as shown 
here, an increase in the rate of heart 
beat. On a black background this hor- 
mone is absent from the blood stream; 
the red pigment then disperses, and is 
accompanied by a decrease in the rate 
of heart beat. 


The relationship of the sinus gland 
to these parallel changes was further 
established by the results of extirpation 
and injection experiments. Following bi- 
lateral extirpation of the eye-stalks of 
eight “white-adapted” animals (average 
Index 1.2; heart rate, 289 beats per min- 
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TABLE I.—ANALYSIS OF THE RELATIONSHIP BETWEEN THE CHROMATOPHORE INDEX 
AND THE RATE OF HEART BEAT 








Rate of Heart Beat 
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ute), the red pigment dispersed to aver- 
age Index 5.0 and the heart rate de- 
creased to 201 beats per minute. Graphs 
of the rate of change in each case closely 
followed curves C and D (fig. 1.) This 
low rate of heart beat and dispersion of 
red pigment in blinded animals persisted 
for several days. 

In one series of experiments .02 cc. 
of a sinus gland extract (of a concen- 
tration corresponding to 20 sinus glands 
to 1 cc. of filtered sea water) was in- 
jected into each of five blinded animals. 
In the blinded animals the average In- 
dex was 4.8 and heart rate was 206 beats 
per minute; fifteen minutes after injec- 
tion, the red pigment had concentrated 
to average Index 1.0 and the heart rate 
increased to 292 beats per minute. This 
was followed by a dispersion of the pig- 
ment and a decrease in the heart rate 
similar to that indicated in curves C and 
D (fig. 1). An alcohol extract of Car- 
cinus sinus glands showed a similar con- 
centration of pigment and at the same 
time an acceleration of heart rate. Sea 
water extracts of muscle tissue had no 
appreciable effect on the heart rate or 
chromatophores. Acetylcholine and a sea 
water extract of nervous tissue acceler- 
ated the heart rate but did not affect the 
chromatophores. 

The results of an analysis of the rate 
of heart beat associated with each chro- 
matophore index in the four to seven 
readings made on each of the 33 animals 
reported here are shown in table I. 

The average rate of heart beat is high 


when the pigment is concentrated; low 
when the pigment is dispersed. The 
coefficient of correlation of these results 
is —0.91, which indicates a definite nega- 
tive correlation. Thus as the red pig- 
ment concentrates, the heart rate in- 
creases; and as the pigment disperses, 
the heart rate decreases. The main sig- 
nificance of such statistical analysis is to 
emphasize the parallel changes. 


SUMMARY 


A definite correlation was shown to 


exist between the rate of heart beat and | 


the state of dispersion of the red chro- 
matophores in Palaemonetes. The evi- 
dence suggests that this is influenced by 
the red-pigment-concentrating hormone 
of the sinus gland. Thus, in addition to 
causing a concentration of red pigment 
when present in the blood stream, the 
hormone also appears to cause an accel- 
eration of the rate of heart beat. 
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OBSERVATIONS FROM A STUDY OF THE COMPARATIVE 
ANATOMY OF THE EXTRAHEPATIC BILIARY TRACT 
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ABSTRACT 


For the student in zoology who is 
looking forward to a medical career, a 
study of the comparative anatomy of the 
biliary tract should prove an aid to the 
fuller comprehension of anomalies he will 
later observe in the dissection laboratory, 
in the operating room and at the autopsy 
table. 

Historical Survey.—A brief survey of 
some of the contributions to the knowl- 
edge of the comparative anatomy of the 
extrahepatic biliary tract, although very 
incomplete, shows that interest in the 
extrahepatic biliary tract has been evi- 
denced since earliest times. Some of 
these contributions are considered in the 
full length manuscript. 

Summary of Observations. — In the 
studies which are summarized in this 
paper, observations were made as com- 
pletely as the condition of the specimen 
or the amount of the material allowed. 
Almost all of the specimens were ob- 
tained through the courtesy of the staff 
of the Field Museum of Natural History 
and the many kindnesses of the staff are 
gratefully acknowledged. A full report 
which includes most of these dissections 
has been published by the Field Museum 
of Natural History(1). 

Altogether, 111 animals were studied. 
These represented: twelve orders and 
fifty-two species. The data obtained are 
summarized under seven distinct but re 
lated topics. 

1. The presence or absence of the gall 
bladder.—In fifty-two species of Mamma- 
lia, a gall bladder was absent in only 
eight—the whale (Balaenoptera physa- 
lus), the zebra (Equus burchelli), the 
horse (Equus caballus), the dassie (Pro- 
cavia sp.), the white-tailed deer (Odocoil- 
eus virginianus), the brown rat (Rattus 
norvegicus), the pocket-gopher (Geomys 
bursarius) and the rice-rat (Oryzomys 
meridensis). 

In Hyracoidea, Perissodactyla and Ce- 
tacea the gall bladder was absent. In 





Rodentia, as in Artiodactyla, there was 
variability among the species. In Mar- 
supialia, Primates, Edentata, Carnivora, 
Insectivora and Chiroptera, a gall blad- 
der was present in all specimens studied. 
In the one specimen of Sirenia (Triche- 
chus latirostris), there was a gall blad- 
der. The variability among the Rodentia 
was of particular interest. 

2. The character of the wall of the 
gall bladder was determined only by its 
opacity and by palpation of the structure. 
It showed much variability. In Chirop- 
tera and in Insectivora the wall was thin; 
it was firm in Marsupialia and Artio- 
dactyla; it was strong and thick in Car- 
nivora and the Primates. In Rodentia it 
was variable, e.g., thin in the guinea- 
pig (Cavia porcellus) and the house 
mouse (Mus musculus), but firm and 
thick in the African porcupine (Hystriz 
cristata). 

3. The relationship of the gall bladder 
to the liver varied between and within 
orders. In Marsupialia, with the excep- 
tion of the opossum (didelphis mesameri- 
cana) it was loosely adherent to the liver. 
In the flying phalanger (Petaurus nor- 
folcensis), the viscus was loosely lodged 
in its fossa; in the Tasmanian devil 
(Sarcophilus harrisii) the gall bladder 
was loosely attached to the liver by a 
peritoneal fold for two-thirds of its 
length. A short peritoneal fold which 
connected the gall bladder to the liver 
was seen in the Chiroptera studied. The 
loose attachment to the liver was ob- 
served in Primates. In the Carnivora, 
particularly deep fossae were seen in the 
binturong (Arctitis binturong) and the 
dog (Canis familiaris). In the black 
bear (Ursus americanus), the gall blad- 
der was loosely attached to the liver. In 
Rodentia, the variability was again 
marked. 

4. The duodenal papilla showed varia- 
bility, not only as to its presence or ab- 
scence, but also as to its size. It was 
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TABLE I—RELATION OF PANCREATIC AND BILE Ducts* 


Gall- 
Species Type A Type B TypeC bladder 

Tree-kangaroo (Dendrolagus matschiei)........... + + 
i Me BE er er eer a + 
Flying phalanger (Petaurus norfolcensis).......... ok + 
Tasmanian devil (Sarcophilus harrissii).......... os + 
Mexican opossum (Didelphis mesamericana)....... + + 
Orangutan (Pongo pygmaeus) .......... ccc ceeeeees _ a 
Chimpanses (PON SGty7Us) . osc ccc cccovecvccsccs _ + 
Macaque (Ma@cdod mMulatia) .....cccccccscrcccsecs +- + 
Marmoset (Tamarin wrswulus)........ccccceccscees + + 
Red Uakari (Cacajao rubicundus)...........00000. a + 
BIO (RMS JOM TOS 65 ooc cc rccccccccctcccccesece aa 
MB errr ere ter oa a 
Little panda (Ailurus fulgens)..............000e0. a oF 
Binturong (Arctitis binturong)..............0008. oe os 
Armadillo (Dasypus novemcinctus).............4. a a 
nF I 6 wicca cna Shc 04h. 606004ee0us + + 
I nn NE 56 oN 5 Sis'5 oo a wid-o ne d0o06.0 wOWK 0% 00 we a a 
ee ere eer a ~ 
orida Manatee (Trichechus latirostris).......... a a 
nN sa Cuong sig'e win G4 6646 0 0 6410's oO 
I 5.2 5 ob cc cdwencsesescscece o 16) 
ee Re CS EP PEP SET TERETE Tee oO 
African porcupine (Hystriz cristata).............. on os 
Guinea pig (Cavia porcellus).....ccccccccvccccces + + 
Striped ground squirrel (Citellus tridecemlineatus) os a 
House mouse (Mus musculus). ........ccceececcecs a oe 
Brown rat (Rattus norvegicus) ....cccccccccccccses + 0 
Rabbit (Oryctolagus cuniculus)...........seeeeees os + 
Rice-rat (Oryzomys meridensis).........eceeeeeees ob oO 


* Key: 
at variable distance from each other; 
of the latter into duodenum, 


prominent in the black bear (Ursus 
americanus) in which a gall bladder was 
present. It was equally prominent in the 
zebra (Equus burchellii) in which there 
was no gall bladder. It was not present 
in the binturong (Arctitis binturong) 
which had a gall bladder, nor in the das- 
sie (Procavia sp.) in which there was 
no gall bladder. The duodenal papilla 
varied within an order as to its presence 
and size, e.g., in the bear (Ursus amer- 
icanus) and the dog (Canis familiaris) ; 
it was absent in the binturong (Arctitis 
binturong). 

5. The distance of the opening of the 
bile duct from the pylorus was markedly 
variable. In two species of Rodentia, the 
African porcupine (Hystriz cristata) and 
the guinea pig (Cavia porcellus) it was 
nearest to the pylorus. Both of these spe- 
cies possessed gall bladders. In two 
species of Artiodactyla in which the gall 
bladder was present, a marked difference 
was observed. In the domestic cow (Bos 
taurus) the opening was 62 cm. caudad 
to the pylorus, but in the pig (Sus 
scrofa domestica) it was 3.4 cm. Natur- 


Type A—Ducts course together to duodenal wall; Type B—Ducts enter duodenum separately 
Type C—Pancreatic duct joins bile duct at distance from opening 


ally the question arises as to the com- 
parative length of the small intestine in 
these species. The ratio of the length of 
the small intestine of the former to that 
of the latter is approximately 3 to 1. 

6. The relationship of the common 
bile duct or the common hepatic duct 
(when there is no gall bladder) with the 
pancreatic duct was of great interest to 
Mann and his co-workers (2) and they 
made studies of this relationship in lab- 
oratory and common domestic animals. 
These relationships in the specimens ex- 
amined in the series here reported are 
summarized in table 1. 

It was observed that the type of re- 
lationship did not correspond with the 
presence or absence of the gall bladder. 
Again there was particular variability 
among the Rodentia, e.g., the guinea pig 
(Cavia porcellus) was in type B; the 
brown rat (Rattus norvegicus) was in 
Type C. It should be noted that in the 


seven species in which the ducts entered 
the duodenum separately at variable dis- 
tances from each other (type B), a gall 
bladder was present in each species. 
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7. Other observations. Hepato- cystic 
ducts which drain from the liver into the 
side of the gall bladder or into the cystic 
duct along its course have been observed 
in various vertebrates. In this series 
they were particularly observed in the 
cow (Bos taurus). They were injected 
with gelatin and dissected carefully in 
order definitely to establish their exist- 
ence. The surgical importance of hepato- 
cystic ducts, when present in man, lends 
added significance to these structures 
when encountered in zoological studies. 

One of the interesting observations 
which were made in this study concerned 


the dassie or hyrax. The author has pre- 
viously reviewed several reports of in- 
vestigations on the viscera of hyrax and 
reported his findings (3). 
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